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1 
IN-mODUCTION 
Since carl^izole was diecovered In 1872^i a large amount 
of data hae been accumulated on the compound and Ite derlra-
tlTei. Only In leolated Inetancee, however, hae the chemistry 
of carbazole been correlated with that of related hetero-
cycles. One of the purposes of this study was to extend the 
correlations and to compare the reactivity of carbazole with 
similar compounds. 
In addition to the correlation studies ve were also 
interested in preparing certain arylcarbazoles for testing 
ae organic liquid solution ecintillatore. A third purpose 
of the work was to synthesize some boron-containing azo 
derivatives of carbazole for possible use in brain tumor 
therapy. 
The most commonly accepted numbering system for carbazole 
2 is the one given in "The Ring Index" and used by Chemical 
Abstracts since 1917. This system is shown by I. Occas-
sionally, carbazole derivatives are numbered according to 
^C. Sraebe and C, GHaser, Ber.. jj, 12 (1872); Ann.. 
163. 3^3 (1872). 
^A. K. Patterson and L. T. Capell, "The Ring Index", 
Reinhold Publishing Corp., New York, N. Y,, No, 
1675. 
2 
the eyete® represented by II, The latter flyetem le the Boet 
conmonly accepted one for dlbenzofuran, dlbenzosllole and 
other compoundB the names of which begin with "dlbenzo". 
Fluorene le niuabered In the same manner as carbazole. 
6 
7 
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HISTORICAL 
This review of carbazole and related compounds will 
bring together the Information pertinent to the investigation 
described in the later parte of this thesis. The literature 
ifas covered thoroughly through 195^, and as completely as 
possible for the subsequent period. Relevant articlee, which 
were examined in the original wherever poeelble, were located 
with the aid of Chemical Abetracts and the many excellent 
reviews concerning heterocyclic compounds. The review 
articles will be indicated later in the appropriate sections, 
and only material reported after the review appeared, or 
which was omitted, will be mentioned in the Historical section. 
In order to achieve R systematic review of the compounds 
to be discussed, this portion of the thesis will be divided 
into sections depending upon the element represented by Y 
in formula III and the group of the periodic table to vhloh 
Y belongs. 
HI 
Compounds in Which Y la a Group IVB Element 
Fluorene 
Although fluorene (III, Y=CH2) ie not a heteinacyclic 
compound it ie eo cloeely related to carbazole that a brief 
summary Of its reactions seemed appropriate. The chemistry 
of fluorene wae thoroughly reviewed in 1938.^ 
Nitration, sulfonation, and acylation yield 2-aubetituted 
fluorenee.^ Further substitution generally gives 2,7-
derivatives. Substituente in the 9-position have no effect 
upon the position taken by the entering nitro group, 
which goes into the 2- and then the 7-POBition, although 
Huntress and Cliffdid isolate a new dinitrofluorenone. 
%. RieveecM. and F. E. Ray, Chem« Revs.. 23. 287 (1938). 
h 
C. Courtot and R. Geoffrey, Compt. rend.. 180. 1665 
(1925). 
^C. Ruiz, Males asoc. quim. argentina. 16. 187 (1928) 
[£2.AI. 22.» ^6900929717" 
®S. v. Anantakrishnan and E. D. Huprhee, J. Chem. Soc.. 
1935. 1607. 
H. iiuntrees and I. S. Cliff, J. Am. Ct^m. Soc.. 5^. 
826 (1932). 
%. B. Bachsian and S. Polansky, Org. Chem.. 16. 1690 
(1951). 
5 
Halogenatlon of fluorene with elemental chlorine or bromine 
generally leads to the 2-halo- and 2,7-dlhalo derlvftives^* 
although Sampey and co-workere^^""^^ found that photobromlnatlon 
of fluorene yielded 9-bromofluorene. 3-Bi*offlo-5» 5-dlinethyl-
hydantoln^^ and N-bromosucclnlmlde^^"^^ also lead to the 9-
1 fi bromo derivative. With N-bromoeucclnlmlde, 2-nltrofluorene " 
and 9-phenylfluorene^® gave 2-nltro-9-broinofluorene and 
9-bro!Bo-.9-phenylfluorene, reepe ctlvely. 
In the preparation of fluorene derivatives containing 
two different functional groups the entering substltuent 
^R. G. ClarkBon and M, Goraberg, ^  Am. Chero. Soc,. 
2881 (1930). 
F. Miller and G. B. Bachman, ibid.. iZ. 766 (1935). 
R. Sampey and E. E. Held, Ibid.. §Q,, 23^ (19^7). 
R. Sampey and A. B. King, Ibid.. 20. 2606 (19^8). 
B. King and J. R. Sampey, J. Org. Ghem.. Xk, ^ 70 
(19^9). 
n jk / 
•^^0. 0. Orazl and J. Meeerl, Anales asoc. aulm. argentlna. 
JZ. (19^9) M. 5828 (1950771 
Wlttlg and G. Felletschln, Ann.. 555. 133 (19^^). 
^6Ng. Ph. Buu-Hol and J. Lecocq, Goaot. rend.. 226. 87 
(19^8). 
C. PuBon and H. D. Porter, Am. Chea. Soc.. 20, 
895 (19^8). 
^®Ng. Ph. Buu-Hol, Ann.. 556. 1 (19^^). 
s 
generally enters the ring bearing the first substltuent 
{holEonuclear suhetitutlon) If the group already present 1B 
electron-releasing, i.e., a ring-activating group, otherwiee 
heteronuolear subatltutlon occurs. Thus, Rulz^^ found that 
nitration of 2-Hiethoxyfluorene gave 2-methoxy-3-nltrofluorene 
and that 2-hydroxyfluorene gave an unidentified product in 
which the hydroxyl and nitro groups were in the eame ring. 
20 
It vas later proved that both 2-hydroxy-3-nltrofluorene 
and 1,3-dinitro-2-hydroxyfluorene were formed by the nitra­
tion of 2-hydroxyfluorene, 1-Hydroxyfluorene gave a Z. 5'1 
ratio of 1-hydroxy-2-nitrofluorene and l-hydroxy-4-nitro-
fluorene, i»fhile 3-hydroxyfluorene yielded 2-nitro-3-hydroxy-
fluorene and a dinitro coiapound which wae probably the 
2,^-dinltro derivative,2-Acetamidofluorene gave two 
nitration products, 2-acetainido-3-nitrofluorene and the 
anomalous 2-acetan!ido-7-nltrofluorene.22.23 other excentione 
Ruiz, Males aeoc. gulfli. argentina. 16. 170, 225 
(1928) [£s. As.. Wl, 5179 (1929)J . 
K. Weieburger, J. Am. Chem. Soc,. 77. 191^ (1955). 
21 
*E. K. Weisburger and J, H. Weieburger, J, Org. Ghero.. 
ii, 96^ (195^). 
^^0. Dlele, E. Schill and S. Tolson, Ber.. 21, 3284 
(1902). 
Eckert and E. Langecker, J. prakt. Cheoi.. 118. 263 
(1928), 
7 
to homonuclear eubetltutlon of fluorene derlvatlvee con­
taining electron-releasing groups are the formation of 
2-inethyl- and 2-ethyl-7-nltrofluorene by the nitration of 
oli 
the 2-alkyl compounda, and the preparation of 2-8cetaiBido-
7-iodofluorene by reaction of 2-acetamidofluorene with 
25 iodine ffionochloride. 
Heteronuclear substitution of fluorene compounds during 
the syntheelB of derlTatives containing two different sub-
etituente le illustrated by sulfonation,chlorlnation,^7 
and ecetylation^® of 2-nitrofluorene to give 2-nitrofluorene-
7-BUlfonic acid, 2-nltro-7-chlorofluorene, and 2-nitro-7-
acetylfluorene, respectively, Siiuilarly, 2-halofluorenee 
29 
yield 2-halo-7-nitrofluorenes upon nitration. ^ 
9-Fluorenylmagneeium bromide was reported by Grignard 
and Courtot^® as being formed from fluorene and ethylraagneeium 
Sawicki, J. Am. Chem. Soc.. 2269 (195^). 
25e. Welsburger, ibid.. 1758 (1950). 
26c. Courtot, Ann, chim. (Parle) [10], 2ii;» 5 (1930)• 
R. Outmann and F, E, Ray, Am. Chem. Soc.. n, 
^033 (1951). 
pQ 
°H. F. Oehlechlaeger and I. P. MacGregor, ibid.. 71. 
3223 (19^9). 
2Q ^ 
ChanusBOt, Analee asoc. aulm. argentina. 15. 5 
(1927) 3360 (1927)J . 
Grignard and C. Courtot, Compt. rend.. 152. 1^93 
(1911). 
8 
bromide by holding the mlxtiire at 135-1^0*^ In xylene for 
twelTe hours. With benzophenone a 65 percent yield of 
9-(dlphenylhydroxyniethyl)-fluorene was obtained. Miller 
and Baclanan^® could not repeat the preparation in satisfac­
tory yield. Fluorene gave no evidence of active hydrogen 
when refluxed several hours with butenylmagneeiura bromide 
in diethyl ether,These varying results may be due to a 
difference in temperature or in the nature of the Q-rignard 
reagent under investigation. 
The first preparation of 9-fluorenylllthiuffi was in 1928 
when fluorene was metalated with ethyllithiuai^^ using a two 
day reaction period. The procedure was improved by Miller 
and Bachman^® who used mett^llithlum or butyllithiuni in 
refluxing xylene, Talalaeva and Kocheehkov^^ claimed a 
quantitative yield of 9-fluorenylllthlum from the hydro­
carbon and ethylllthlum using "pure" benzene as a solvent. 
Fluorene has also been metalated with n-propyl-, 
G, Young and J, D. Roberts, J. Am. Chem. Soc.. 68. 
1^72 (19^6). 
Schlenk and E. Bergmann, Ann.. ^63. 188 (1928). 
3^T. V. Talalaeva and K. A, Kocheshkov, Doklady Akad. 
Nauk. S. S. S. R.. 2Z» 621 (1951) [C^ As., ii. 10191 
(1951)77 
Gilman, A. G. Birook and L. S. Miller, Am. Chem. 
Soc.. 25, 3757 (1953). 
9 
n - b u t y l - , p h e n y l - , o - t o l y l - , ^ ®  l a e s l t y l - , ^ ®  a n d  2 , 4 , 6 -
trlphenylllthium.^® 9-Phenylfluorene treated with n-butyl-
lithium and the mixture carbonated gave 9-phenylfluorene-9-
carboxylic acid,^^ Lithium aluminum hydride also metalatee 
fluorene in tetrahydrofuran,^® but not in diethyl ether or 
an ether-benzene mixture,^® 
9-Fluorenylsodium or -potassium can conveniently be pre-
"37 /j,-! hn 
pare in liquid ammonia,-''' or decahydronaphthalene.^^ 
Mercuric acetate and fluorene in acetic add gave ^-acetoxy-
mercurifluorene; in the absence of solvent both the 3- and 
isomers were formed, 
r, Burtner and J. y. Cueic, ibid.. 65. 262 (19^3)• 
Oilman, R, A. Benkeser and G. E, Dunn, ibid.. 72 
1690 (1950). 
A. Kine, R. I. Fieltzer and J. Doczi, ibid.. 77. 
221? (1955). 
W, Morton, Jr., Unpublished Ph.D. rheeie, Iowa 
State College, 1952. 
H. ailman, V/. J. Meikle and J. w. Morton, Jr., J. 
Am. CheiB. Soc.. ^ 4, 6282 (1952). 
^®L. W. Trevoy and W. G. Brown, ibid.. 2i» 1675 (19^9). 
iiT 
•^R. A, Seibert and F. W. Bergetrom, Org. Chem.. 10. 
5^4 (19^5). 
kz 
E. J, Greenhow, E. N, White and D. McNeil, Jj, Chem. 
Soc^, 1152, 2848. 
H. F. Miller and G. B. Bachman, J;;, Am. Chem. Soc.. 
iZ, 2447 (1935). 
10 
9-Alk;ylflworene6 and 9,9-clialkylfluorene8 can be pre-
psrsd by the treatment of 9-fluorenyl8odluffi or 9-fluorenyl-
llthlum with alkyl halldee or dlalkyl BUlfatee,^^*^'''^^ The 
corresponding arylfluorenee can be clmllarly eyntheeized, 
or prepared by the dehydration of a phenyl-(jo-biphenylyl)-
oarblnol. ' The dehydration reaction va^ used to 
iffi 
prepare 4-benEhydryl-9,9-dlphenylfluorene, 9-phenyl-, 
9,9-diphenyl,^*^^ and 9,9-ble-(m-blphenylyl)-fluorene^ ae 
9 
well &B splro-9,9'-fluorene. 
Although certain aspects of fluorene chemlEtry have 
been Inveetlgated rather thoroughly, the preparation of azo 
dyec containing the fluorene nucleus is relatively unex­
plored. Fluorene and other high boiling coal-tar chemicals 
are, ho-wever, being increasingly investigateo ae poesible 
U? 
courcee for the preparation of vat dyes. 
The preparation of 3-hydroxyfluorene-2-carboxylic acid 
48- 50 
and carboxylic acid has been reported, and the former 
G, Sergeev, Rues. Phye. Chem. Soc.. 61. 1^21 
^1929) 1365 (1930)17 
Khotlneky and R, Patzevitch, Ber.. ^2. 310^ (1909). 
C, F. Koelsch, J. Am. Chem. Soc.. 56. 480 (1934)» 
K. Venkataraman, "The Chemletry of Synthetic Dyes", 
Academic Press Inc., New York, N, Y., 1952, p. ^ 1. 
^©Brit. Patent 494,423 A^., H, 2 7 2 9  ( 1 9 3 9 ) ] .  
^9Fr. Patent 836,325 [£s. At., 32, 5416 (1939)]. 
S. Patent 2,193,677 [Cj, As., ^7^5 (1940)J . 
11 
compound has been used In the formation of water-Insoluble 
48 
dyes. 
51 52 
Novelll reported that azo dyes could be obtained 
from tetrazotized 2,7-diaffllnofluorene and naphtholdleulfonlo 
aclde or naphthylaminosulfonlc acids. l-Fluorenediazonium 
chloride wae coupled with a dozen phenols to give dyes 
53 
ranging in color from yellow to greenish-brown. Using 
21 
emall-ecale teste, 2-acetainido-l-hydroxy- and -.7-^<3r'oxy-
fluorene were coupled with diazotized jg-nitroaniline or 
2-ftiBino-7-nitrofluorene to give dyee. 1-Hydroxy-, 2-hydroxy-, 
and 3-hydroxyfluorene all gave red dyee. On the other hand, 
2-acetamido-3-hydroxyfluorene, 4-acetamido-1-hydroxyfluorene, 
and 3-acetamido-2-hydroxyfluorene did not react. With nitrous 
acid and an alkaline solution of (5 -naphthol, l-hydroxy-2-
amlnofluorene and 3-hydroxy-2-aniinofluorene failed to give 
21 
a diazonlum test, A eimilar result had been obtained 
19 
previously for 2-hydroxy-3-aminofluorene, 
Amides prepared from 2,7-diaBiinofluorene, 2,7-f51amino-
fluorenone, or 2,7-'<3iaminofluorenol and 2-hydroxy-3-naphthoic 
Novell!, Anelee soc. espan, fie qulni.. 28. 363 
(1930) [Ci. 3236 (1930)J"I 
^^A. Novell 1 and 0. Ruiz, Anales aeoc. auiia, arnentina. 
56 (1928) [C^ Ajs., 2171 (1929)11 
Bielenberg, H. &oldhahn, and H. Pluskal, Ber.. 73B. 
878 (1940). 
12 
acid or salicylic acid were treated on cotton with various 
diazotized aminee to give colore comparing favorably with 
other dyes of the Naphthol AS type.^ 
Pltoenzoeilole 
Although dibenzosilole (III, X=SiH2} is unknown, a fev 
of its derivatives have been prepared. 5»5-Diphenyldiben2o-
eilole was recently reported,while other similar compounds 
have been synthesized by Gorsich.^ They are 5-phenyl-, 
5-benzyl~, 5i5-diethyl-, 5.5-<iidodecyl-, 5»5-ditetradecyl-, 
5-dodecyl-5-chloi:v>-, 5-dodecyl-5-phenyl-, 5-dodecyl-5-{m-
biphenylyl)-, 5-dodecyl-5-hexadecyldibenzosilole, and spiro-
5,5*-dibenzosilole. To date, no substitution reactions have 
been attempted with the dibenzosilole nucleus. 
D^bengpffermoj^e 
The only known germanium compound of this type (III, 
YrGeH2) is splro-5,S'-dibenzogermole.^® 
A. Poral-Koehite and V. V. Pei»ekalln, Org. Chem. 
Ind. (u. £. s. R.), 4, 165 (1937) [£1. As.. 21* 193^ 9505 
Tlf?8)]. 
Q-ilman and R. D. Gorsich, Am. Chero. Soo.. 77. 
6380 (1955). 
^R. D. Gorsich, UnT3Ubliehed studies. 
13 
Compounds in Which Y Ib a Group VB Element 
Carbazole 
Within the past decade three reviews have been publlehed 
on the chemletry of carbazole (III, Y=NH) the first 
fin 
since Cohn's comprehensive survey of 1919. These eummaries 
served as the starting point for the examination of the 
voluminoue literature concerning carbazole and its derlva-
tiveg and also indicated some profitable lines of investiga­
tion for future work. Certain unexplored areas of carbazole 
chemistry will be mentioned later in this thesis. 
The N-substltuted carbazole derivative most readily 
available from commercial sources is 9-ethylcarbazole, This 
confound was employed in a large part of the present investi­
gation for two reasons. The first was that the solubility 
of N-substltuted carbazolee in orp-:anic eolvente is generally 
greater than that of the analogous derivatives which contain 
Campbell and B. M. Barclay, Chero. Revs.. kO. 359 
Freudenberg In R. C. Elderfleld, "Heterocyclic 
Compounds", Vol. 3» John Wiley and Sons, Inc., New York, 
N. y., 1952, pp. 291-3^1. 
59w. C. Sumpter and F. M, Miller, "Heterocyclic Compounds 
with Indole ana Carbazole Systems", Intersclence Publishers, 
Inc,, New York, N. Y., 195^, pp. 70-109. 
Cohn, "Die Carbazolsrruppe", Georg Thieme, Leipzig, 
1919. 
no eubetltuent in the 9-poeltlon, The increased polubillty 
often facilitatee the desired reaction, A second advantage 
ficcrulng from the use of a 9-alkylcarbazole la that the 
acidic hydrogen on the nitrosen atoiii Is thereby eliminated. 
This la particularly desirable in reactions involving organo-
metalllc derivatives, 
Electrophillc substitution of carbazole usually results 
In a mixture of mono- and di-8ubetituted derivatives even 
though leee than one equivalent of reactant ie used. With 
an excees of reagent, polysubstltuted derivatives can be 
obtBlned. The 3- and 6-poeltlonB, and to a leseer extent 
the 1- and 8-posltlone, are the rooet reactive. In most caees 
the position taken by the entering eubetltuent has been de­
termined through the application of the Graebe-Ullmann and 
Borsche syntheses or one of the miscellaneoua methods of 
preparing carbazole derivatives,Recently, however, 
the electron charge density at the different positions in 
carbazole ws determined®^ and the 3-position was found to 
be most negative, followed by the l-posltlon, 9-Alkylcarba-
zolee are analogous to carbazoles, 9-Acylcarbazole8 are 
aleo, with the exception that acylation by the Frledel-Crafts 
reaction lesde to 2,9-dlacylcarbazolee. Substitution of 
Berthler and B, Pullman, Compt, rend.. 231. 77^ 
(1950), 
15 
9-arylcarbazolee differs In certain cases from that of 
c&rbasole itself. 
Although nitration of oarbazole leads prlaiarlly to 
3-nltro- and 3,6-dlnltrocarbazole,®^*'®-^ and then to 1,3»6,8-
tetranltrooarbazole,®3»®®»®^ certain anoaalles occur during 
nitration reactions. One is that l-nltrocarbazole le formed 
during the preparation of the 3-nitro derlTstlve, either by 
direct nitration of oarbazole®^ or by nitration of 9-nltr080-
carbazole.®^*®® Another anomaly le the formation of a small 
amount of 1,2,6,8-lsomer.®'^ The nitration of 9-acyl-®^'^® 
and 9-alkylcarba2oles^^'''^ proceeds in the expected fashion 
to give 3-BubBtltuted or 3»6-dl8ubBtituted products. The 
nitration of 9-phenylcarbazole and its derivetives containing 
eubstituents in the phenyl ring requires further investigation. 
Votocek, Chem. Ztg,. 190 (1896). 
63p. ziersch, Ber.. 42, 3797 <1909). 
®^H. Lindemann, ibid.. 555 (192^). 
®^T. S. Stevens and S. H. Tucker, Jjj. Chem. 8oc«. 123. 
ZlkO (1923). 
66Ger. Patent 268,173 Aa.# 2067 (191^)J. 
®7d. B. Murphy, F. R, Schwartz, J. P. Picard and J. V. R. 
Kaufman, J. Am. Chem. Soc.. 7^. ^289 (1953). 
®®0. Ruff and V. Stein, Ber.. 2ji, 1673 (1901). 
Mazzara and A. Leonardl, 5azz. chim. Ital.. 22. II, 
4i^3 (1892) [ Chem. Zentr.. I, 3^7 (1893)J . 
70b. Oddo, ibid.. ¥t, I, 485 (I9l4) [C^ Jls.. 3019 (I9l4)]. 
''^E. Sawicki, J. Am. Chem. Soc.. 664 (1954). 
7%g. Ph. Buu-Hol and R. Royer, Jj. Org. Chem.. 1198 
(1951). 
16 
no 
The patent literature deBcrl"bes the nitration of 9-phenyl-
carbazole in nitrobenzene to give a product melting at 13^-
132® which wae aesumed to be 3-nitro-9-phenylcarbazole. 
7k 
Lister performed the reaction in acetic acid and obtained 
a product melting at 1^1-1^2® which wae apparently 2-nitro~ 
9-phenylcarbazole ae shovn by convereion to 9-phenyloarbazole~ 
2-CRrboxylic acid by a eeriee of conventional reactlone. The 
latter compound was also prepared by an independent method. 
Lister'^^ also nitrated 9-(£-nitrophenyl)-carba2ole and the 
corresponding ^-iBomere. The structure of the products 
could not be proved rigorouely, but seemed to be the 2-nitro 
derivatives. Earlier workera^^ had aleo carried out the 
nitration of 9-(^nitrophenyl)-oarbaEole, but in a different 
solvent, to give what was assumed to be 3-nitro-9-(^-nitro-
phenyl )-'C8rbazole. 9-{ 2,6-Dicarboxyphenyl)-carbazole very 
definitely glveB 3-nitro- and 3,6-dlnltro-9-(2,6-dio8rboxy-
phenyl)-c&rbazole on nitration as shown by the Identity of 
the decarboxylation products with those obtained from the 
condensation of iodobenzene with 3-nitro- and 3i6-dinitro-
"^^er. Patent 29^,016 [C^ Aj., 2582 (1917)]. 
Lister, Unpublished M.S. Thesis, Iowa Btste College, 
19^2. 
de Montmollin and M, de Montmollin, Helv. Chim. 
Acta. 9^ (1923). 
17 
c a r b a z o l e . A n o t h e r  disc r e p a n c y  i n v o l v i n g  n i t r a t i o n  i n  th e  
carbazole series ie encountered with 9-(jB-toluene8ulfonyl )~ 
carbazole which wae reportedly nitrated in the l-poeition 
*7*7 78 
exclusively. Kulka and Maneke, however, were unable to 
effect any nitration under the conditions reported. 
With reepect to the formation of dieubstltuted carba-
zolee containing two different eubstituents, the situation 
is elffiil&r to that with fluorene, i.e., electron-withdrawing 
groups tend to give heteronuclear substitution while electron-
releaeing groups generally lead to homonuclear substitution. 
In one Instance, however, nitration of an alkoxycarbazole 
gave heteronuclear subetltutlon. 3-^®t:hoxycarbazole in acetic 
anhydride wae treated with zinc chloride and then with nitric 
acid to give 3-methoxy-6-nltro-9-acetylcarbazole.'''9 Presum­
ably, the normal reactivity of the 6-poBitlon towarc electro-
philic eubstitutlon overcame the ring activating influence 
of the alkoxy group. The latter effect would have led to 
nitration in either the 2- or 4-poeltion which has not been 
76 
H, Gilfflan end C. G. Stuckwlsch, ^  Am. Ghem, Soc.. 
1729 (19^3). 
K. Menon, E. V, Menon and D. H, Peacock, J. Chem, 
1942. 509. 
Kulka and R. H. F. Maneke, J. Org. Chem.. XL* 1501 
(1952). 
^^Ger. Patent 553,628 [ C^. Aj^., 2§,, 5579 (1932)]. 
18 
observed in the carbazole eeriea. Other Inetances illus­
trating the high reactivity of the S-position in 3-eub8ti-
tuted. carbazoles containing electron-releasing substituentB 
are the broraination of 3,9-diethylcarbazole to give 3i9-
diethyl-6-bromocarbazole®® and the bromination and nitration 
of 3-fflethyl-9-alkylcarbazoles to yield the corresponding 
8l 6-bromo and 6-nltro derivatives, 
Sawickl''^ reported that 2-acetamido-9-fflethylcarba2ole 
and 3-c«i*bethoxyaiaino-9-ttethylcarbazole gave the corresponding 
3-nitro and 4-nitro derivatives respectively. A mixture of 
di- and triacetyl derivatives of 3-arainocarbazole gave, after 
82 
nitration and hydrolysis, oc - and (3 -nitro-3-a^inocarbazolee. 
Anderson and Campbell®^ proved by elimination of the amino 
group that the oC -ieomer was 2-nitro-3-aminocarbazole and 
that the /9 -isomer vas 3-aroino-^-nitrocarbazole. Nitration 
of 3»6-dichloro-^-acetamidocarbezole gave the expected 
l-nitro-3,6-dichloro-4-acetamidocarbazole. 
®®Ng. Ph. Buu-Koi and R. Royer, Org. Ghea.. 15. 123 
(1950). 
®^Mg, Ph. Buu-Hol and Ng. Ho^n, Jj. Am. Chem. Soc.. 73. 
98 (1951K 
O 9 
F. Kehraann and F. Zweifel, Helv. Chim. Acta. 11. 1213 
(1928). 
Anderson and N. Campbell, J. Chem. Soc.. 1950. 2904, 
®^K, Sugiffioto, J. Chem. Soc. Japan. Pure Chem. Sect., 71. 
524 (1950) 6383 TI?5I7]^ 
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The use of carbazole derlvstivcB by the dyestuff In­
dustry iB extensive and such derlvetiveB are found In several 
of the different claesee of dyee. Of particular interest to 
this diecueeion are the azo dyes which vill accordingly be 
reviewed here. For a general diecuegion of dyes and plgmenta, 
85 47 
the extensive coverages by Lube and VenKataraoan should 
86 
be consulted, ©rimtnel gives a shorter, but equally good, 
60 discussion of dyes. Cohn has a good review of the early 
*58 
work on carbazole dyeetuffe and Freudenberg devotes several 
pages to carbazole dyee, 
Azo dyes of the carbazole series can be prepared in one 
of two ways. One method is the reaction between carbazoledi-
azoniuin salts and a coupling component, usually a phenol. 
The other procedure is the coupling of a diazotized aromatic 
sffline with a carbazole derivative. 
The earliest report of an azo dye containing the carbazole 
nucleus appeared in 1888.The dye was carbazole yellow, 
formed by the reaction of tetrazotized 3,6-diaminecarbazole 
and two equivalents of salicylic acid. Azo derivatives have 
A ,  Lubs, "The Chemistry of Synthetic Dyes and Pig­
ments", Reinhold Publishing Corp., New York, N. Y., 1955* 
86 
H. W. Grimmel in H. Q-ilraan, "Organic Chemistry, An 
Advanced Treatise", Vol, 3» «J^ohn Wiley and Sons, Inc., New 
York, N. Y., 1953, PP. 243-391. 
®^Ger. Patent 46,^38 [Reference 60, p. 152.]. 
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also been prepared from 3»6-dlamln0CarbaE0le and a v&rlety 
63 88**90 
of other phenolic compounds, 2,7-I^lattilnooarba2ole 
89,93 
similarly was tetrazotized and coupled with various phenolB. 
Two of the three known monoamino derivatives of carbazole have 
been dlazotized and coupled with phenolic derivatives. A 
report by Zierech®^ of the coupling of dlazotized 1-amino-
carbazole with a naphthalenedleulfonlc acid niuet be coneldered 
as questionable eince the nitro compound from which the amine 
was obtained was later ehown to be a raixture of 1- and 3-
92 
nitrocarbazole. Furthermore, the azo compound did not 
differ eseentially from the analogous dye obtained from 3-
aminocarbazole, 4-Cyano-2,5-dimethoxyaeetoacetanilide has 
been coupled with dlazotized 2-aminocarbazole,93 Carbazole-
^ 68 9U 3-dlazonium chloride wae coupled with p -naphthol, 
A A AP 
m-creeol, 2,4-diaminotoluene, hydroxy- and aminonaphthalene-
QQ 
""^Ger. Patent 128,853 [Chem. Zentr.. 21. 608 (1902)], 
®^G. G. Vernet, Arch, eel, phye, et nat. [^], 1^8 
(1913) [£i.As.» 2. 1976 (19137r. 
Votocek, Chem. Ztg.. 22. 2^1 (1898), 
Tauber, Ber.. 3266 (1890). 
f, Morgan and J. C-. Mitchell, J. Chem. Soc,. 1931. 
3283. 
S, Patent 2,559,181 [ iti, 9869 (l95l)] . 
Del^tra and F. Ullmann, Arch, eel, phye. et nat. 
87 (1904) [Chem. Zentr,. 25, I, 1568 (19051] . 
21 
sulfonic acld^^'^® end eeveral complex naphthalene deriva­
tives,^^ ^-Aminocarbazole hae been prepared, but could not 
83 
be nurlfled. The diazonlum ealtB from 3-amino-9-niethyl-
carbazole^® and from 9-(jD-Rmlnophenyl)-carbazol©^^ hsve been 
reacted with ft -naphthol. Diazotlzed 9-{£-amlnophenyl)-
cerbszole was also coupled with naphthalene~l,5~dlsulfonic 
acid.99.100 
The majority of the cerbazole azo derivatlvec used by 
the dye industry are obtained by coupling diazotlzed aromatic 
ainineE with an activated carbazole compound. The carbazole 
moBt widely used in thie manner is 2-hydroxycarbazole-3-
carboxylic acid in the form of an arylamlde. Since there is 
an almoet unliroited number of aromatic amines which can be 
condensed with 2-hydroxycarba2ole-3-carboxyllc acid to form 
amidee, any given diazonlum salt could yield a multitude of 
azo dyes. Unfortunately, abstracts of the patent literature 
usually give only a general statement to the effect that a 
H. Tucker, ^  Chem. Soc.. 1926. 5^6. 
^%ER. Patent 13^,983 F Chem. Zentr.. 21. II. 1165 
(1902)]. 
^''ser. Patent 266,9^2 [£j. At. 1, 101? (191^)], 
Burton and C, E. Gibson, Chem, Soc.. 1927. 2386, 
S, Patent 2,605,182 [£t Aa.. itZ. ^3^ (1953)]. 
1®®W. D. Peterson, Frlvete communication to Dr, H. Oilman. 
22 
variety of aromatic or heterocyclic amlnee were condensed 
with the ^ -hydroxycarboxyllc acid In question and It le dif­
ficult to eay how many amldee have been prepared from the 
leoffierlc hydroxycarbazolecarboxyllc adds, ^-Chloroenlllne 
Is apparently the most widely used amine ae 2-hydroxycarba-
zole-3-carboxy-j2-chloroanlllde Is claimed to give the fastest 
known yellow-brown cotton dyelnge after coupling. 
Examples of the amines from which Naphthol AS-tyce carba-
zolee, ae the £-hydroxycarboxyllc acid derivatives are 
classified, have been prepared are ^-chloroanlllne,^®^"^®^ 
o.-toluldlne^®^ 3-nltro-4-morphollnylanlllne and 
1 nk 
^-naphthylsmlne. The same and other amines have been 
condeneed with 2-hydroxy-9-methylcarba20le-3-CRrboxyllc acid 
to form amides useful ae coupling components.^®® 2-Hydroxy-
9-ethylcarbazole-3-carboxy-£-toluldlde and the corresponding 
108 
9-phenyl analog have aleo been described. 
^^^Reference 85» t). 18?. 
R. Patent 2,^^96,255 At.. M. ?5^5 (I950>j . 
S. Patent 2 , 500 , 080 [Cj. As., 8122 (1950)]. 
l^^Brit. Patent 695,33^ [£s. As.. M» 386 (195^)]. 
1°%. B, Patent 2,^27,995 [Gj. Ai, 375 (19^8)]. 
S. Patent 2,419,932 [£:. As.. iiS. 60? (1948)]. 
lO^Brlt. Patent 613,130 [£:. As.» iil. 8162 (1949)]. 
Patent 576,966 [£4. Ai. 908 (1934)]. 
23 
Azo deplvatives of a hydroxycarbazoletrleulfonlc acid 
are also T?nown. A SVISB patent describee the coupling of 
tetrazotlzed o-anleidine with one equivalent of 2-hydroxy-
carbazole-3,6,8-tr'iBulfonlo acid and then with l-hydroxy-6-
amlnonaphthalene-3-eulfonlc acid and the corresponding 
benzamlde derlvative.^®^ 
Dlbenzophosiahole 
The parent compound, dlbenzophosphole (III, IClPH), le 
unknown, but two derlvstlves were prepared by Wlttlg and 
Gelsfiler,Trlphenylphosphlne and phenyleodlum slowly 
warmed to 70® or pentaphenylphoephoroue heated to 130° under 
nitrogen gave email yields of S-phenyldlbenzophospholc. 
fetrsTshenylphoephorouB bromide shaken four monthe with 
methylllthlum gave a 36 percent yield of the 5-Phenyl deriva­
tive. 2,2'-Dillthloblr)henyl and phenyldichlorophoephine gave 
5-phenyldlbenzophoephole-5-oxlde. 
^^^Swies Patent 261,366 At., iii. 61^^ (1950)]. 
^^^0. Wittlg and 0. Geieeler, Ann.. 580. (1953)' 
2k 
Dlbenzarsenole 
AeBChllraenn and co-vorkere discovered the dlbens^arsenole 
syetem (III, IZAbM) in 1925.^^^ The 5-chloro and 5-iodo 
derivativee were prepared from the cyclic areonic acid, 
Methylmaernesiun; iodide and 5-iododlben2areenole apn&rently 
gave 5-®ethyldibenzersenole. The analyses ^^ere not com­
pletely eatlefpctory, but Aeechllmann ^  al. felt that the 
Identity of the compound wae reasonably certain. The parent 
heterocycle, dibenzareenole, may have been prepared. 
5-Phenyl- and 5-JE-tolyl-dlbenzarBenole i^ere mentioned in 
connection with studlee of ultraviolet spectra. 
Nitro and chloro derivatives of dlbenzarsenole ere 
known, but were prepared from the heterocyclic areonic acid 
IT'S ll4 
and not by direct eubetltution of dlbenzarsenole. 
F. AeBchlimann, N. D, Lees, N. P. McCleland, and 
G. N. NicKlln, J. Chem. Soc.. 127. 66 (1925). 
1 1 2 G ,  M .  C a m p b e l l  a n d  R .  C .  P o l l e r ,  Chemletry and 
Industry. 1953. 1126. 
J, Garascia and I. V. Mattel, ^  Am. Cheni. Eoc.. 
21. ^ 589 (1953). 
J. Garascia, A. A. Carr and T. Hauser, £i. Ofg-
Chem.. 2$2 (1956). 
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Dlbenzoetlblole 
Dlbenzoetlblole (III, Y^SbH) is unknown, but several 
derivatives have been prepared. 5~Chloro- and 5-lododi-
11S benzostIblole were synthesized from 2-amlnoblphenyl. 
Methylmagnesium iodide and the 5-lodo compound gave 5-methyl-
dibenzostlbiole which reacts with bromine to give 5»5-dibromo-
5-H!ethyldibenzo8tibiole.^^^ Campbell prepared 5-£-tolyldl-
benzostibiole^^® and the 2-bromo,^^® 3-nitro,^^'' 3-)BB'ino, 
3-carboxyand 3~cerbethoxy^^® derivatives of that com­
pound, 5-(^-Carbethoxyphenyl)-dibenzoetibiole was obtained 
by a cyclization reaction beginning with S-aminobiphenyl and 
gave the free acid on hydrolysis.^^'' By eimilar procedures 
the 2-broiHo,^^® 3-nitro,^^^ and 3-®et;hoxy^^®'^^^ derivatives 
of both the ester and the acid were also formed, as well as 
119 
3-Biethyl-5-(n-carboxyphenyl)-dibenzoetibiole. 5-v^-
Bit?henylyl )-dibenzoetibiole and its 5,5-dichloro derivetive 
115{j, Morgan and G-. R. Davies, Proc. Roy» Soc. 
(London). A127. 1 (1930). 
G. M. Campbell, J. Chem. Soc.. 19 50. 3109. 
0. M. Campbell, ibid.. 19S2. 44^1-8. 
118 
I, G-. M. Cam-Dbell, Chemistry and Industry. 1953. 
1229. 
^^^I. {J. M. Campbell and D. J. Morrill, Chem. Soc.. 
im.. 1662. 
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have alBO been eynthesized,^^^ and 3-carboxymethoxy-5-£-
119 
tolyldlbenzoetlblole is known, 
CompoundB In Which Y le a Sroup VIB Element 
Dlbenzofuran 
Dlbenzofuran (III, XirO) hae been the subject of extensive 
research in theee laboratories and the reeulting dieeerta-
tione form perhaps the best account of the chemistry of the 
heterocycle. The njoet recent thesie was by Johneon^^ and 
contains referencefi to previous dleeertatione concerning 
dlbenzofuran, A brief review may also be found among Elder-
121 field's heterocyclic volumes. 
With the exception of nitration and metalation, electro-
philic substitution of dlbenzofuran takes place in the 2-
posltion as illustrated by benzoylatlon.^^^ The use of 
excess reagent leads to formation of 2,8-disub8tituted 
122 derivatives. Nitration unexpectedly takes place in the 
G. Johnson, Unpublished Ph.D. Thesis, Iowa Btate 
College, 195^. 
E. Parham in R, C. Elderfield, "Heterocyclic Cora-
pounds", Vol. 2, John Wiley and Sone, Inc., Hew York, K, Y,, 
1951, pp. 123-W. 
G. Johnson, H. B, Vinis and H, Gilman, Jj. Am. 
Chem. Soc.. (195^). 
27 
3-poeltlon.^^^ Dlnltratlon gives 3,8-dlnltrodlbenzofuran,^^^ 
which is better termed 2,7-dlnltrodiben2ofuran. Metalatlon 
, 12? 
of dibenzofuran was found to Involve the 4- and 6-posltlons. 
AB with fluorene and carbazole, the preparation of dl-
Bubstltuted dlbenzofurane leads to homonuclear or hetero-
nuclear substitution depending upon the group already present 
in the dibenzofuran molecule,In homonuclear substitution 
the entering group takes a position which is determined both 
by the group already present and by the attacking species. 
With dibenzofuran derivatives which undergo heteronuclear 
substitution the attack is at the 8-poeition if the entering 
group is halogen or the acyl group and generally at the 7-
poeltlon %'hen a nitro group is being introduced. The exact 
location of the original substltuent seems immaterial In 
heteronuclear substitution. 
While bromination of 2-acetamidodibenzofuran and 3-
acetamidodibenzofuran gave the 3-bromo^^ and 2-bromo^^® 
123n. M. Cullinane, J. Chem. Soc.. 1930. 2267. 
M. Cullinane, ibid.. 1912. 2365. 
Gilman and R. V, Young, J. Am. Chem. Soc.. 56. 
1^15 (193^); iZ. 1121 (1935). 
^^Referenoe 118, po. 136-139. 
Gilman and S. Avakian, 3. Am. Chem. Soc.. 68. 580 
(19^6). 
Gilman, G. E. Brown, W. G. Bywater and H. 
Kirkpatrick, ibid.. 2^73 (193^). 
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derivetlYee, respectively, 2-«Biinodiben?ofuran yielded 
l-broino-2-'an»lnodibenzofuran.^^^ A by-product of the last 
reaction was 1,3-dibromo-2-affiinodibenzofurRn. The nitration 
of 2- and 3-acetamidodibenzofuran proceeds ae does bromlna-
tion.^^® In acetic anhydride at low temperature, ^-acetamldo-
130 
dlbenzofuran gave the 3-nitro-4-acetamido leoaer, but in 
acetic acid at 60® the product was l-nitro-4-aceteunldodibenzo--
131 
furan. As with the 3-acetamido derivative, 3-benzene-
132 
eulfonamidodibenzofuran nitrated in the 2-poeltlon, 
Although a survey of the literatiire seeme to indicate 
that dlbenzofuran derivatives are not used by the dyestuff 
industry to the extent that carbazole derivatives are, aryl-
afflides of 2-hydroxydlbenzofuran-3-carboxyllc acid have been 
1 'SO 13/f 
used to some extent ae azoic coupling components , 
The dyes resulting from these arylamldes and dlazotized 
129 
H* (Jllman, T. H. Cook. J. A. Hogg, J. Swiss and R. G. 
Johnson, Ibid.. 2§.» 5783 (195^). 
130 
H. Silman, A. L. Jacoby and J. Swislowsky, ibid.. 61. 
95^ (1939). 
Gllman and J. Swiss, ibid.. 1884 (1944). 
Adams, J. H. Clark, N. Kornblum and H. Wolff, 
ibid.. §Q, 22 (19^4). 
^^^Reference 85, p. 185« 
^^^Reference 4?, pp. 433-^34 and 652. 
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aminee give light fast, deep crovn ehades.^^^ Ingham^^^ 
gives some examples of azo derivatives and Intermediatee in 
hlB list of dibenzofuran compounds. Highly substantive Naph-
thol AS~type fiyee reeulted from condensing 2-hydroxy-3-
naphtholc acid vlth 2-amlno-3-f'lkoxydibenzofurans substituted 
In the 6- or 7-POBltlon by chloro, methyl, or methoxyl groups 
Gllman and co-workers^^^'^^^ coupled dlazotlzed amines with 
hydroxy- and methoxydlbenzofurane. The compounde containing 
a 4-hydroxy or ^ -methoxy group were substituted in the 1-
posltlon, while 2-hydroxydlbenzofuran and 3-hydroxydlbenzo-
furan gave 3- and 2-phenylazo derivatives, respectively. 
Dlbenzothlophene 
Like dibenzofuran, dlbenzothlophene (III, YrS) has been 
the subject of rather extensive Investigations in these 
laboratories* Wilder^listed earlier theses in which the 
K. Ingham, UnDUblifihed Ph.D. Thesis, Iowa State 
College, 1952. 
^^%er. Patent 718,3^8 172^ (19^3)]. 
Gllman and M. W. Van Ess, J. Am. Chem. Soc.. 61. 
31^6 (1939). 
^38h. Giiman and L. C. Cheney, ibid.. §1, 31^9 (1939). 
R. Wilder, Unpublished Ph. D. Theele, Iowa State 
College, 1955. 
30 
work on dibenzothiophene is reported, A brief review is 
included in Elderfield's volumes,and an excellent survey 
liil 
of dibenzothiophene has recently appeared. 
Electrophilic eubetitution of dibenzothiophene generally 
gives 2-8ubftituted derivatives, Chlorination of dibenzo­
thiophene, however, yielded the sulfoxide instead of a 
142 
chlorodibenzothiophene, lodination has appa^-ently not 
been attempted. Nitration of dibenzothiophene-5-oxide or 
the corresponding sulfone gave 3-nitro derivatives because 
t>f the meta- directing Influence of the oxide group. 
Metalation occurs at the 4-position with all metalatlng agents 
except phenylcalcium Iodide which gave dibenzothiophene-3-
l4'3 
carboxyllc acid, The preparation of dlsubstituted dibenzo-
thiophenes follows the same pattern as in the formation of 
monosubstituted compoundB, This may be illustrated by the 
K. Fuklshlma in R. G. Elderfleld, "Heterocyclic 
Compounds", Vol. 2, John Wiley and Sons, Inc., New York, N. Y., 
1951, pp. 16^172. 
^^1h. D, Hartough and S. L. Meisel, "Compounds with 
Condensed Thioohene Rings", Interscienoe Publishers, Inc., 
New York, K, Y., 195^, PP. 225-282. 
K, Brown, H. G. Christiansen and R, B. Sandln, 
J. Am. Chem. Soc.. 21> 17^8 (iW). 
1^3h. (Jllman, H. A. Pacevitz and A. L. Jacoby, Org. 
Chem.. 2, 120 (1938). 
31 
iW-
eyntheele of 2,8-dlbromodlbenzotlilophen©, 2,8-dinit:rodl-
benzothiophene,^^^ and 2,8-dlacetyldiben2othlophene.^^^ 
Dlnltrfttlon of dlbenzothlophene-5-oxlde, or nitration of 3-
nitrodibenzothiophene-5-oxlde, gave the 3,7-dlnitro eulfox-
ide, " Dimetaxation has BO far been unsucceaeful except 
147 in the case of dibenzothiophene-5-dloxlde. ' 
The preparation of dleubstltuted dlbenzothlophenee con­
taining two different eubstltuents Involves homonuclear or 
heteronuclear eubetltutlon depending upon the group already 
present In the molecule. Homonuclear substitution le illus­
trated by the reactions of acetainldodlbenzothlophenes. 
liifi 
2-Acetamidodlbenzothlophene gave 1-ohloro- and 1-nltro-
liiO 
2-acetamldo ^ derivatives on chlorination and nitration, 
respectively. Brominatlon, however, gave 3-bro!Bo-2-aoetamldo-
dlbenzothiophene.^^^ The 3-ftcetamido compound yielded 2- and 
C. R. Neuffioyer and E. D, Amstutz, £4. Am. Chero. Soc.. 
1920 (19^7). 
Gilman and J. F. Noble, Ibid.. 2X* 27^ (19i^9). 
K, Brown, N. A. Nelson and J. C. Wood, ibid.. 7k, 
1165 (1952). 
Gilman and D. L. Esmay, ibid.. Zl» 278 (1953). 
Gilman and G. R. Wilder, Ibid.. 2Z> 6O59 (1955). 
"140 
Gilman and 6, R. Wilder, ibid.. 2906 (195^). 
Gilman and S. Avakian, ibid.. 151^ (19^6). 
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l48 
^-chloro-3-acetRinidodibenzothiophene, 2-bromo-3-acetamldo-
dlbenzothlophene,and  ^ -•nitro-3-ficetaEiidodlbensothlophene^^^ 
by treatment with the requisite reagents. 4-Acetamldodibenzo-
thlophene broalnated in the l-posltlon.^^^ 2-Benzamldo-^^^ 
and 2-benzeneeulfonsinldodlbenzothlophene^^^ both nitrate in 
the 3-POsitlon, and the former le chlorinated and brominated 
in the same position.The 3-benzainido derivatlvs gave 
1 <5/f 1 itfl 
4-nltro-, 2-bromo, and a mixture of 2- and 4-chloro-3-
l/ifi 
benzamldodlbenzothiophene on nitration and halofienetion. 
Hetisronuclear substitution of dibenzothiophene cerlva-
tiveE is shown In the preparation of 2-bro!Jio-8-nitrodibenzo-
thiophene by either the bromination of 2-nitrodibenzothiophene 
or the nitration of the 2-brorno compound,The Bynthe-
8ie of 2-broffio-7-nitrodibenzothiophene-5-dioxlce by nitration 
of 2-bromodibenzothiophene-5-dloxi<ie^^'' llluetratee both 
fawickl, J. Org. Chem.. 18, 1^92 (1953). 
(Jilaian and A. L. Jacoby, ibid.. J, 108 (1938). 
Gilman and G-. R. ''llder, J, A m ,  Chero. roc.. 77. 
3920 (1955). 
Sawlcki, J. Org. Chem.. ii. 608 (195^). 
Coiwtot and I. Kelner, Compt. rend.. 198. 2003 
(193^). 
Courtot, L. iilcholec and r. H, Litn><i, ibid.. 186. 
1624 (1928). 
^57h, Gilman and R. F. Ingham, Am. Chem. Soc.. 75. 
38^3 (1953). 
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heteronuclear eubstltutlon and the met&-directing Influence 
of the Bulfone group. 
Dlbenzothlophene derlvstlveB have been used to some ex­
tent by the dye Industry to form azo dyes. The patent 
literature describes the coupling of dlazotlzed 2-ainlno-3-
nltrodlbenzothlophene, and Ite 5-dloxlde, >rlth 2-hydroxy-3--
naphthoic acld.^^® More commonly, however, dlazotlzed ainineB 
are coupled with arylamldeB of 2-hydroxydlben20thlophene-3-
carboxyllc acld.^®^*^^^"^®^ Hartough and Melsel^®^ list over 
twenty amldee prepared from the £-hydroxycarboxyllc acid, 
Dlbenzoeelenophene 
Dlbenzoeelenophene (III, X=Be) wae dlecovered In 193^^®^ 
when It waB synthesized from dlphenyl eelenlde. Other 
^^®Brlt. Patent ^+09,0X4 [ C^. 5680 (193^)]. 
^5%r. Patent 768,052 [Gj^. 475 (1935)]. 
^®°Oer. Patent 607,381 [£». As.. 1997 (1935)]. 
S. Patent 2,157,796 [£l la.» Jl. 63^6 (1939)]. 
®^^ Reference 136, p. 276. 
Courtot and A. Motamedl, Coapt. rend.. 199. 531 
(193^). 
3k 
methode of preparation have alao been reported.The 
last le apparently the method of choice, 
Dlbenzo8elenophene-5-oxide^®7''^®^ and -5-dloxlde^®^ are 
knovn a6 well as the 5» 5-<ilchloro» and 5»5-^itroao derira-
The lest two compounds are possible vith the 
eeleniun! heterocycle but not with the sulfur analog since 
the larger selenium atom is able to expand its outer shell 
of electrons to contain ten electrons and sulfur cannot do 
so because of sterlc effects. Heating the 5i5-dlhalo 
derivatives gave 2-halodlbenzoeelenophenes.^®^ 
Acylatlon of dlbenzoselenophene under the conditions 
of the Frledel-Crafte reaction gave mono- and dlacyl deriva­
tives which by spectral analysis and analogy with dibenzo-
furan and dlbenzothiophene were assumed to be the 2- and 
Beh&ghel and K. Hofmann, Ber.. 72B. 582 (1939). 
M. Cullinane, N. E, Morgan and C. A .  J. Plummer, 
Rec. trav. chim.. ^6. 62? (193?). 
166||^  M. Culllnane, A ,  G. Reee and C .  A ,  J. Plummer, 
J. Chenu Soc.. 1939. 151. 
D, McCullough, T, W. Campbell and E. S. Gould, 
J. Am. Ghem. Soc.. 21, 5753 (1950). 
^®®0. Behaghel and K. Hofmann, Ber.. 72B. 697 (1939). 
Chlerici and R. Passerini, Jj. Chem. Soc*. 19 54. 
3249. 
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2,8- compounds,In the acetylatlon reaction, email 
aiBounte of ^-acetyl- and 2(?), 6-diacetyldlbenEoselenophene 
were formed,Nitration gave 2-nitroaibenzoselenophene 
and 4-nitrodibenzo8elenophene,^7^~^^^ Dlnitratlon of dibenzo-
selenophene or nitration of 2-nitrodibenzo8elenophene gave 
the 2,8-dlnitro derlv&tlvee.^®® Ab with dibenzothiophene-5-
oxide, dibenzoeelenophene-5-oxld© caused the entering nitro 
group to occupy the 3-position.Metalation with n-butyl-
lithium gave the 4-llthium derivative which was then reacted 
with various eubetancee.^''® 
The only disubetituted dibenzoeelenophene derivatives 
containing two different eubetituentB are those resulting 
from the nitration of derivatives of amlnodibenzoselenopheneB 
and subsequent reactions. 2-CarbethoxyamlnodibenzoBelenophene 
^•^^Ng, Ph. Buu-Hol and Ng. Hoan, J,. Ortg. Ghem.. 12» 6^3 
(1952). 
171 
Ng. Ph. Buu-Hol and Ng. Ho^n, ^  Chem. Soc.. 1952. 
37^5. 
Sawioki, J. Am. Chem. Soc.. 21. 957 (1955). 
Sawicki and F. E. Ray, ibid.. ^120 (1952). 
E. Wisenian and E. £. Gould, Ibid.. 2Z» 1061 (1955). 
Sawicki and F. E. Ray, ^  Org. Chem,. 18. 9^ 
(1953). 
J, Eurlant and E. S, G-ould, ^  Am. Chem. Soc.. 
5775 (195^). 
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nitrated In the 1-poeition while the 2-2.-toeylaiBino compound 
172 
nitrated in the 3-po8ition. ' The 3-acetamido derivative 
gave 3-aoetamido-4-nitrodibenzoeelenophene.^^^ 
Diben&otellurophene 
Dibenzotellurophene (III, Y=Te) hae been prepared by 
the treatment of biphenyl with tellurium tetrachloride or 
tetrabromide,^"^® and by heating dlbenzothiophene-5-dioxide 
with tellurium in a stream of C02»^®® "Phe first method in­
volved the 5i5-dihalodibenzotellurophene8 as intermediatee. 
The 5-oxlde is also known.No substitution reactions have 
been reported. 
Sawicki, jr. Org. Chem.. i2, 1163 (195^). 
Courtot and M-0, Bastani, Coropt. rend.. 203. 197 
(1936). 
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CORRELATIONS 
The purpose of this section Ib to bring together for 
comperlson related work on the different compounde dlecusBed 
In the Hletorlcal section. For convenience the compilation 
will be subdivided on the basis of reaction types, 
Halogenatlon 
Mlth the exception of photobromlnatlon,^^"^^ elemental 
chlorine and bromine react with fluorene to give 2-hElo- and 
h iL Q 10 
2,7-dlhalofluoreneB, 't' ' Carb&zole and its N-subetituted 
derivatives are halogenated in the 3- and e-positlons^"^^ even 
with N-bromofiucclnlmlde, which with fluorene gives 9-'bromo-
fluorene.^^"^'' Dlbenzofuran^^^*^®® and dibenzothiophene^®^ 
brominate in the 2- end 8-poeltlone, which are equivalent 
to the 3- and d-posltions of carbazole, ^hlle dlbenzofuran 
182 
can also be chlorinated and dichlorinated, dibenzothiophene 
on chlorinatlon gives only dibenzothiophene-5-oxlde,The 
^^^Referenoe 59, pp. 87-89. 
Ph. Buu-Hoi and R. Royer, Rec. trav. chlm.. 67. 
175 (19W. 
1 AT 
Reference l4l, pp* 2^2-245. 
xd 2 
K, Olta, R. G, Johnson and H. Gilmsn, jJj. Org. Chem,. 
657 (1955). 
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other heterocycles under consideration have not been halo-
genated as yet. 
Broininatlon of the acetamldo derivetlvee of dlbenzofuran 
and dlbenzothlophene proceeds Identlcelly with both hetero-
cyclee. The 2-acetaHildo compounds give 3-broino derlva-
tlvee^^"^*^^^ and the 3-acetainldo Isomers yield 2-broHio-3-
acetamldo compounde.^^®'^^^ 4-Acetainidodlbenzofuran^®^ 
152 
and 4-acetaialdodibenzothlophene both bromlnate in the 
l-po8ltlon. 
Nitration 
Nitration of fluorene^^^ and dlbenzofuran^^^ gives the 
analogou® 2-nltrofluorene and 3-nitrodibenzofuran, respec­
tively. Carbazole, N-alkyl-''^'and N-acylcarbazolee,®^'^^ 
dlbenzothlophene,^^^'and dibenzoeelenophene^^^"^^^ 
nitrate in equivalent poeitionB to give 3-Bub6tltuted carba-
zoleg and 2-Bub8tltutea dlbenzothlophene or -eelenophene. 
On dinitration, the second nitro group enters the 7-poBition 
1R4 
of fluorene while the other Bubstancee lieted above are 
attacked para to the hetero-atom to yield 3t6-dinltrocarba-
Gilman and P. R. Van Ess, Jj, Am, Cheg:. Soc.. 61. 
1365 (1939). 
^®^Reference 3» PP» 3^-351* 
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go 69-72 124 
zolee * 3,8-dlnitrocin3enzofuran, 2,8-dinltrodlben2o-
14 ? 168 
thiophene, and 2,S-dlnltrodlbenzoBelenophene. fhe 
poeitlon taken by the nltro group when 9-Arylcarbe2oles are 
nitrated Is uncertain, 
DerlTatlvee of amines containing the various nuclei under 
consideration have alEo been nitrated. 2-Acetainlcofluorene 
glvee a mixture of 2-acet8j!ildo-3-riitrofluorene and 2-aeetaHiido-
2? 2"^  
7-nitr'Ofluorene. ' 2-Acetamido-9-fflethylcarbazole also 
nitrates in the 3-poeition,^^ The analogous 3-s.cets.midodl-
1 pQ 1 
benzofuran and 3-ficetarflid0dlben20thl0phene yield 2-nltro 
and 4-nltro derivstives, respectively. 3-Acetainidodibenzo-
eelenophene^''^ behaves like its sulfur analog. A mixture of 
di- and trlacetyl derivativee of 3-aniinocarbazole gave a 
mixture of nltro derivatives,®^ which were shown®^ to consist 
of 2-nitro-3-Rcetamidocarbazole and 4-nltro-3-e.cetaOTldo-
c&rbazole. Nitration of 3-acetamldo-9-fflethylcarbazole has 
not been reported, but nitration of 3-C£rbethoxyamino-9-
71 
raethylcarbazole givep the 4-nitro compound. 2-Acetamldo-
128 dlbenzofuran yields 2~nltro-3-acetamldodibenzofuran, but 
1^ 9 2-eeetamldodlbenzothlophene nitretee in the 1-poeltlon. 
2-Gerbethoxyainlnodlbenzoselenophene nitrates in the 1-
position while the 2-£-to6ylaiiilno compound gives the 
172 3-nltro derivative. ' 
ko 
^-Methoxydlbenzofuran end ^-mefchoxyditenEOthlophene 
have been nitrated. The former ylelde l-nltro-4-methoxydi-
benzofuren^^® and the latter gives l-nltro-^-methoxydi-
150 
benzothlophene. 
Aeylation 
Except for the unusual aeylation of 9-acylcerbazoles 
18 S 
to give 2,9-diacylo&rbazolee, aeylation by the Friedel-
CraftB reaction proceeds in the same manner ae broraination. 
Thus, 2-acylfluorene and 2,7-diacylfluorene are obtained from 
fluorene,^®® 3- and 3>6-8ubBtituted carbazoles from the 
parent compoimd^®^ and its N-alkyl^®^ or N-aryl derivativee/^ 
X22 X87 
and 2-acyl and 2,8-diacyl derivetivea from dibenzofuran, ' 
188 170-172 dibenzothiophene, and dibenzoselenophene. ' ' 
Sulfonation 
The treatment of fluorene with sulfuric acid or 
chlorosulfonic acid leade to fluorene-2-eulfonic acid and 
^®%.eference 58, pp. 310-312. 
•^°°Reference 3, pp. 268-270. 
187 
Reference 121, p. 128. 
1 R8 
Reference l4l, pp. 268-270. 
189 
then fluorene-2,7-disulfonlc acid, Carbazole and the 
9-alkylcarbaEolee apparently give carbazole-3-Bulfonic acids 
and carbazol©-3,6-dieulfonlc acids,but the identity of 
products prepared by different workers ie not always certain, 
190 
Sumpter and Miller discuee the protlem and point out eoise 
of the discrepancies. Dibenzofuran^^^ eulfonateB in the 2-
192 
and S-positione e? does dibenzothiophene. 
Metalation 
Fluorene apparently metalatee in the 9-position using 
ethylmagneiium bromide^®'and yields 9-fluorenyllithium 
^ ' • i t h  a  v a r i e t y  o f  o r g a n o l i t h i u r a  r e a g e n t e . ^ ® ' 9 - P h e n y l -
fluorene also metalates in the 9-pocition using jj-butyl-
lithiuiB,^^ Mercuration of fluorene gives 4-acetoxymercuri-
fluorene or a mixture of the 3- and 4- derivativee defending 
upon the conditions. Carbazole and ji-butyllithiura give 
l-llthlocarbazole,^^^ 9-Ethylcarbazole behaves aimilerly^'^^ 
ferenee 3, p. 361. 
^^°Reference 59, pp. 91-93. 
Gilmen, E. W. Smith and B. Oatfield, Am. Cheni. 
Soc.. 1412 (193^). 
Courtot, Cornpt. rend.. 198. 2260 (193^). 
ailman and R. H. Flrby, Org. Chem.. 1, 1^6 
(1936). 
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while 9-methylcarbazole is metalated, and dimetalated under 
tile same oonditlons,^^^ With mercuric acetate, 9-ethyl-
carbazole yields 3-acetoxymercuri-9-ethylcarbazole and the 
3,6-dieulDBtituted derivative.9-Phenylcarbazole metal-
atee^^^ and dimetalatee^® in the ortho~poeitione of the 
9-T:'henyl group ueing rj-butyllithiuni. The metalation of both 
dibenzofuran and dibenzothiophene has been investigated 
quite exteneively, and Eemay^^® gives a good review of the 
subject. Dibenzofuran metalatee in the ^ -position with all 
metalating agents except ethylaluminum iodides and aluminum 
iodide which attack the 2-poeition.^^^ Dimetalation Involves 
the 4- and 6-pOBitione and ie readily effected with organo-
eodium reagent®. Metalation of dibenzothiophene occurs 
196 
readily with a variety of reagents to give, subsequent 
to carbonation, dibenzothlophene-4-carboxylic acid. Phenyl-
calcium iodide, however, metalates the heterocycle in the 
14 3 
3-positlon, Mercuratlon of dibenzothiophene apparently 
proceeds, but the product could not be purified and was 
Oilman and r. K. Spatz, ibid.. 12. 860 (1952). 
Gllman, C. G. Etuckwisch and A, R. Kendall, J, 
Am. Chem. Soc.. 1758 (I94l). 
L. Esmey, Unpublished Ph.D. Theeie, lo^^s State 
College, 1951. 
Gilman and A. H. Haubein, ^  Am. Chem. Soc.. 
62, 1033 (1945). 
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believed to be e rlxture of mono- and dlsubetltuted prod-
196 
ucts. The only succeesful dimetalation of the dibenzo­
thlophene nucleus Is achieved In the reaction between 
dlbenzothlophene-5-dloxlde and n-butylllthlum.^^'' The 
lithium atoHiB enter the 4- and S-posltione. DlbenzoBeleno-
phene gives ^-lithiodibenzofielenophene when treated with 
n-butyll11 hlum. 
All of the heterocyclee considered above, have a 
tendency to laetalate predominantly at the cerbon atom ortho 
to the hetero atom. Considering |i-butyllithluni as the 
metalating agent the attack ie at the ortho carbon atoms 
exclusively. Further comparisons may be made between di-
benzofuran, dibenzothlophene, and 9-ethylcarbazole. The 
ease of metalation of the three compounds decreases in the 
order given. This was shown by competitive metalatlons and 
the interchange of lithium between the compounds as in the 
formation of dibenzofuryllithlum from dibenzothienyllithi-
1QR 199 
um.^ ' That dibenzofuran ie more susceptible to attack 
by orgenometalllc compounds than is dibenzothlophene is shown 
by the dimetalation of the former but not the latter, and 
the facile mercuration of dibenzofuran compared to the 
Oilman, M. W. Van Ees, K. B. Willie and C. 0. 
Stuck'«'iech, ibid.. 62. 2606 (1940), 
Grilman and C. G. Etuckwiech, ibid.. 67. 877 (1945). 
kk 
largely uneucceeeful reaction with dlbenzothiophene. The 
carbazole nuclsus seems more or less reactive than dlbenzo-
thlophene depending upon the specific metalatlon reaction In 
question. 9-£thylcarbazole Is readily mercurated and dl-
Bercurated and glvee some evidence of dlmetalatlon with 
193 
organoBOdluffi and -potassium compounds. Furthermore, 9-
19^  
methyl carbazole dlmetaletee on reaction with ij-butylllthluffi. 
On the other hand, dlbenzothlophene reacts more readily with 
14*3 193 
phenylcRlclum Iodide than does 9-ethylcarbazole,*^'^-^ 
Reaction with Metals 
^s Is expected, sodium and pota«?6lum react with fluorene 
to give 9-fluorenyleodlum or -potasslum.^^'^^'^^ Carbazole 
behaves elmllarly to give 9-carbazolyi6odlura becauee of the 
acidic hydrogen atom attached to the nitrogen atom. Carba­
zole has been reduced with sodium and alcohol,^®® but a 
similar reaction with fluorene has apparently not been 
attempted. In refluxlng dloxane carbazole Is unaffected by 
metallic lithium.^35 Dlbenzofuran Ig metalated by sodlum-
potaeelum alloy to give 4-dlbenzofurylpotaBSium.^^^ Sodium 
In ethanol reduces dlbenzofuran to the tetrahydro 
^°®Reference 59, p. 93. 
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pm 
derivative while eodlum in liquid ammonia gives 1,4-
202 203 
dihydrodibeniofuran. With llthiura in refluxing dloxane, 
204 
or with lithiuBi in ether at room temperature, dibenzofuran 
gives a good yield of o-hydroxybiphenyl. With lithium in 
203 
refluxing ether, 3»^-^®iiK0C0umarin wae obtained, Dibenzo-
thiophene and sodium in liquid amfflonia yield l,4-.dihydrodl-
152 
benzothiophene. Terminating the reaction of dlbenzothio-
phene and lithium in refluxing dloxane by hydrolysis gives 
biphenyl, while terajlnatlng the reaction by carbonation gives 
203 
biphenyl and o.-fflercaptobiphenyl in about equal amountB. 
No reaction was observed in refluxing ether. 
Raney nickel desulfurizes dibenzothiophene to give 
biphenyl.With 2-broiBodlbenzothiophene only biphenyl was 
isolated,while dibenzothiophene-5~oxide and -dioxide gave 
no identifiable product. Dibenzoselenophene, dibenzoeeleno-
phene-5-oxlde, and 5» 5-*Slchlorodibenzo8elenophene all give 
pf\A 
biphenyl when treated with Raney nickel. Hydrogen and 
Gllman, E. W. Smith and L, C. Cheney, J. Am. 
CheiB. So p.. 2095 (1935). 
Gllman and C. ¥. Bradley, Ibid.. 2333 (1938). 
203 
H. Silman and D. L. Esmay, ibid.. 75. 294? (1953)» 
?04 
C. W. Bradley, Unpublished studies. 
205j.^  F. Blicke and D. G. Sheets, J. Am. Chem. Soc.. 
20, 3768 (1948); 21* ^^10 (1949). 
a. E. Wiseman and E. 8. Gould, ibid.. 1706 (1954). 
46 
Raney nickel eimultaneously reduce and deeelenlze 2- and 
174 
4-nitrodlbenzoeelenophene to give 3-effllnoblphenyl. ' 
^7 
EXPERIMENTAL 
Reactions Involving organolithium reagents or alkali 
metals were carried out in an atmosphere of dry nitrogen. 
The Bolvents were dried over sodium wire. All glassware 
had been dried in an oven at 110® for at least an hour 
prior to use, &ood quality nitrogen ^ras used, and was 
further purified by passage through a train^®^ consisting 
of two bottles, each containing 4.0 g, of vanadyl sulfate, 
100 g. of zinc amalgam, 200 ml. of water and enough concen­
trated sulfuric acid to give an acidic solution, one bottle 
of 10 per cent sodium hydroxide solution, one of concentrated 
sulfuric acid and a calcium chloride drying tower. The 
melting points reported are, unless otherwise specified, 
uncorrected. The infrared spectra were obtained through 
the courtesy of the Ames Laboratory, Atomic Energy Com-
, , 208 
mission. 
Meites and T. S, Meites, Anal. Chem,. 20. 9^8 
(19^8). 
20Bjhe author is indebted to Mr. Robert McCord for 
obtaining the infrared spectra, and to Mr. McGord and Mr, 
Robert Kross for help in Interpreting the spectra. 
U8 
Carbazole Derivatives with Aromatic or Heterocyclic 
SubBtituente on the Nitrogen Atom 
9-P"Blt>henylylcarbazole 
A mixture of 16.7 g. (0,1 mole) of carbazole, 23*3 g. 
{0,1 mole) of £-bromoblphenyl, 13.8 g. (O.l mole) of anhy­
drous potaBBium carbonate, 0,2 g. of copper bronze and 250 
ml. of petroleum ether (b.p, 190-210°) was stirred and heated 
to reflux temperature in a flaek fitted with a thermometer, 
mechanicel stirrer and a water trap to which was attached an 
air condenser. After refluxing for 12 hours, the mixture 
was allowed to cool somewhat and steam distilled until water-
insoluble material ceased to appear in the distillate. The 
solid in the cooled residue was separated from the water and 
extracted with two 100 ml, portions of benzene and then with 
two 50 Bil» portions. The combined extracts were treated 
with Morit-A, filtered and the benzene evaporated to give a 
yellow-bro%'fn solid; 13.0 g. (48,1,^), melting over a range 
of IOO-17O®. The solid redieeolved in 150 ml. of benzene 
and chromatographed on an alumina column using benzene as 
the eluant. Since no bands could be observed IOO-I50 ml. 
fractions of the eluate were collected and allowed to 
evaporate slowly. The second fraction gave the largest 
k9 
amount of product. The eolld (melting over a range of 81--
165°) Wee extracted with hot ethanol to remove unreacted 
^-hromoblphenyl and the residue was recrystalllzed from a 
benzene-petroleum ether (b.p. 60-70°) mixture to give 3*5 g* 
(13«0^) of a white powder melting at 224-226°. A second re-
cryetalllzatlon gave 3.1 g, (10,0^) of colorless product 
melting 22^-226®. 
Anal. Calcd, for C24%7N: N, 4,39^. Found; R, 4.24, 
4.23^ 
^Ble- (9- carbezolyl )-benzene 
A mixture of 10,0 g, (0.0598 mole) of cerbazole, 8,3 g. 
(0.025 mole) of jo-dilodobenzene, 13.8 g, (O.l mole) of an-
hydroue potaeslmn carbonate, 1,0 g, of copper bronze and 200 
ml, of petroleum ether (b.p, 190-210®) wae etlrred and heated 
to 208®. After 24 hours at this temperature the mixture was 
cooled somewhat and steam dletllled. The brown solid in the 
cooled residue was eeparsted, washed with water and extracted 
with a 250 ml. portion of hot benzene and with a 50 ml. por­
tion. The combined extracts, after being treated with Norit-A, 
filtered and cooled, gave 4,0 g, (40,0^) of a white solid 
melting at 320-322®, Recrystallizatlon from benzene yielded 
3.0 g. (30,0^) of colorleee product melting 320-322®. 
50 
Anal. Calcd. for C30H20N2: C, 88.20; H, Found: 
C, 88.31, 88,2^j H, 4.7^, 4.83Jfi. 
The combined mother llquore were evaporated to give a 
dark solid which was extracted >;lth eth&nol. The residue was 
recrystalllzed from a benzene-petroleum ether (b.p, 60-70°) 
mixture to give 1,5 g. {15«0^) of white product melting at 
o 
319~321 . A mixed melting point determination with the 
solid melting at 320-322° showed no depression, 
^.4'-Bie-(9-carbazolyl)-biphenvl 
In an apparatus similar to that described for the prep­
aration of 9*JB-biphenylylcarbazole, but without the moisture 
trap, a mixture of 18,4 g, (0,11 mole) of carbazole, 15.6 g, 
{0,05 mole) of 4,4*-dibromobiphenyl, 15.2 g. (0,11 mole) of 
anhydrous potaeeluirt carbonate, 1,0 g, of copper bronze, 2,7 
g. (0,011 mole) of Iodine and 250 ml, of nitrobenzene was 
refluxed and stirred for 24 hours. The product was steam 
distilled and the solid portion of the cooled residue ex­
tracted with hot benzene. The cooled extract deposited 
g, (20,3^) of a white solid melting over a range of 211-228®* 
Repeated alternate recrystallizatione from benzene or toluene 
and extractions with ethanol yielded 3*2 g, (l3«-0^) of trans­
parent crystals melting 282,5-284®, The infrared spectrum 
51 
indicated both ortho- and para-dieubetituted benzene 
rings. 
Anal. Calod, for C^6H2ij,N2J G, 89.00; H, 5»10^. 
Found; C, 89.13, 89.04; H, 5.18, 5.^5^. 
9-'2'--Pyrldylcarbazole 
In petroleum ether. A mixture of 8.35 (0.05 mole) 
of carbazole, 7.25 ml. (11.8 g., 0,075 mole) of 2-bromo-
pyridine, 10,4 g, (0,075 mole) of anhydrous potassium 
carbonate, 1,0 g, of copper bronze, 1,9 g, (0.0075 mole) 
of Iodine and 200 ml, of petroleum ether (b,p, 190-210®) 
was stirred and refluxed for 24 hours. The product was 
steam distilled and the solid portion of the cooled residue 
was extracted with hot benzene. The extract was evaporated 
and the resulting eolld recryetalllzed twice from ethanol 
and three times from petroleum ether (b.p. 60-70°) to give 
I.5 g» (13»0^) of colorless crystals melting at 93-94°. 
The infrared spectrum showed a band indicative of CteN and 
lacked a N-H band. 
Anal. Calcd. for N, 11.47^. Found: N, 
II.36, 11.51^. 
In acetone (attempted). 
Run 1. To a solution of 3»3^ g* (0.02 mole) of 
carbazole in 70 ml. of acetone was acded 4.0 ml, of a Q6% 
52 
aqueous potassium hydroxide eolutlon and 2.9 ml. (^.7^ g., 
0,03 mole) of 2-'bromopyrldlne, There wag a email amount of 
water below the organic layer. The mixture wae alloved to 
stand for hours with occaelonal shaking during which time 
the color changed from yellow^-brovn to dark green and then 
to dark brown. The mixture wae poured into 200 ml. of water 
to give a white solid which was filtered off and washed with 
water; 3.0 g. (90.0^), melting 2^3-2^6®. A mixed melting 
point with carbazole was not depreeeed. 
Run 2. In another experiment the same amounts of 
reagents as in Run 1 were refluxed for 5 houre, cooled and 
poured into 200 ml. of water. The reeulting white eolid (3.3 
g., 98.8^) wae shown to be carbazole by a mixed melting point 
determination. 
In pyridine (attempted). 
Run 1. To a solution of 3-3^ g* (0.02 mole) of 
carbazole in $0 ml. of pyridine was added 3*85 ml* (6.32 g., 
0.04 mole) of 2-bromopyrldlne. The light brown solution was 
refluxed for 21 hours and gradually changed to a dark green 
color. After cooling the mixture wae poured into 200 ml. of 
water. The resulting solid was separated and washed with 
water; 3.2 g. (95-8^), melting 2^6-248°. A mixed melting 
point with carbazole showed no depression. 
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Run 2« To a eolutlon of g. (0,02 mole) of 
earbazole In 100 ml, of pyridine was added 8,5 ®1. of a 66^ 
aqueoui potaselum hydroxide solution and 3*85 ml. (6.32 g., 
0.04 mole) of 2-bromopyrldlne. The light brown solution wae 
refluxed for 24 houre and then allowed to cool. The solution 
wag poured Into 200 ml. of water to give a white solid which 
was filtered off and washed with water; 3»3 g« (98.8^), 
melting over the range 243-247®. Recryfltalllzatlon from 
ethanol gave 3,2 g. (95»8^) of colorless platelets; m.p. and 
mixed ra.T). with carbazole 246-248°. 
9-2'~QulnolylcarbazQle 
A mixture of 16.7 g* (O.l mole) of carbazole, 24.5 g. 
(0.15 mole) of 2-chloroqulnoline, 20,7 g, (0.15 mole) of 
anhydrous potassium carbonate, 2.0 &. of copper bronze and 
3.8 g, (0,015 ffiole) of iodine was stirred and heated between 
220® and 240® for 48 hours and then cooled. The dark refc-
tlon product was extracted with hot benzene; no crystalliza­
tion occurred on cooling. The solvent was evaporated and 
the residue was dleeolved in hot ethanol, treated with 
Norlt-A, filtered and cooled to give a dark tar and a yellow 
eolutlon. The solution was decanted into an equal amount 
of cold water. The resulting oil slowly crystallized. 
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Succeselve recryetallIzatIons from ethanol, petroleum ether 
(b.p. 77-115°) and petroleum ether (b.p. 60-70°) yielded 1.5 
g, (10,0^) of colorless crystals melting at 93-94°. fbiB 
compound, in contrast to the pyridyl analog, showed a very 
troublesome tendency to form an oil at every etage of purifi­
cation, The infrared epectrum indicated the presence of a 
C=N and the absence of a N-H bond. 
Anal. Calcd. for C2XH14N2: C, 85.56J H, 4,79^. Found; 
G, 85.38, 85.52; H, 4.97, 5.07^. 
9-(r>-Dimethylaminophenyl)-oarbazole (attempted) 
Run 1. A mixture of 8.35 g. (0.05 mole) of carbazole, 
20.0 g. (0,1 mole) of o-bromodimethylaniline, 13.8 g. (0,1 
mole) of anhydrous potassium carbonate, 2.5 g. (O.Ol mole) 
of iodine, 1,0 g. of copper bronze and 200 ml, of nitrobenzene 
was stirred and heated between 200° and 215° for lli hours. 
After approximately 1^ houre within that temperature range 
the mixture suddenly changed from a brown color to dark blue 
or purple. After etandins- overnight the mixture was eteam 
distilled until water-insoluble material no longer appeared 
in the distillate. The black eolid from the cooled residue 
was separated and extracted with about 500 ml. of acetone 
in small portions. The extract was evaporated to give a 
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dark purple eolld from which 0,9 g. of colorless 
plates melting at 2^6-248® were obtained after repeated re-
crystalllzatione from ethanol and benzene using Norit-A. 
The plates were identified as carbazole by a mixed melting 
point determination. The residue remaining after the ace­
tone extraction was euccessively extracted with beniene, 
chloroforai, ethanol, acetic acid and 3 N hydrochloric acid. 
The first two extracts gave a email amount of dark tar on 
evaporation while nothing was ieolated from the other ex­
tracts. 
Run 2 ,  A mixture of the same amount of eolid reagents 
as wag used in Run 1 and 200 ml. of petroleum ether (b.p. 
210-215°) vae stirred and heated to 197° In ^ 5 minutes. The 
mixture became purple and then black. There was a large 
Effiount of tar in the flaek. The stirring and heating were 
discontinued. After standing overnight the mixture was 
filtered and the solid was extracted with three 100 ml. por­
tions of hot benzene. The combined extrscts vere treated 
while hot with Norit-A, filtered and allowed to cool to give 
2.9 g. (3^*8^) of colorless platelets melting 24^-246°. A 
mixed melting point with carbazole was not depressed. 
Run 3. A mixture of the same amount of solid reagents 
as was used in Run 1 and 150 ml. of triethyIbenzene was 
stirred end heated slowly. V/hen the temperature reached 
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150° the mixture changed from broxn to purple. At 165° tar 
formation began and the stirrer was operating with difficulty. 
The mixture i»^as cooled and allowed to stsJid overnight. Fifty 
ml, of nitrobenzene was added and the mixture was heated 
until the stirrer would turn freely (90-100°), VJith the 
stirrer started heating was continued until the temoerature 
reached 200°. The stirrer was gradually slowed by tar and 
finally stopped. The mixture was cooled and steam distilled 
until water-ineoluble material no longer appeared in the 
distillate. The brown solid residue was filtered off and 
refluxed with two 200 ml, portions of toluene and a 200 ml, 
portion of acetone. Each extract was treated with Norit-A, 
filtered while hot and cooled to give the following products, 
respectively: 4.3 g. of colorleep crystals meltlr^ at 2^6-
248°, 3«2 g. of colorleee crystals melting at 246-248° and 
a dark oil. The oil was not investigated further. That the 
crystals were oarbezole was shown by a mixed melting point. 
Combined they represent an 89.8^ recovery of starting material. 
Structure Proof Reactions 
Reaction of hydriodic acid with 9-ethylcarbazole 
To 9.75 g. (0.05 mole) of 9-ethylcarbazole was added 50 
ml. of concentrated hydriodic acid. The mixture was refluxed 
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for 72 hours and then allowed to stand overnight. The color­
less Bolld wae filtered off and washed with water; 9.7 g. 
(99,4^), melting 70-72°. A mixed melting point determination 
with 9-ethylCErbazole showed no depression. 
Reaction of hydriodic acid with lO-ethylnhenothiazine 
Oilman and eo-workersreacted hydriodic acid with 
10-ethyl- and lO-phenylphenothiazine-4-carboxylic acid. De-
Bulfuriaation occurred with both compounds and, in addition, 
the ethyl group wae eliminated. 
To 11.35 g. (0.05 raole) of 10-ethylphenothiazine wae 
added 50 »!• of concentrated hydriodic acid. The mixture 
wae refluxed for 72 houre. After 17 hours the odor of hydro­
gen sulfide could be detected. The mixture was allowed to 
cool and the resulting solid was separated and washed with 
water; 9.6 g. (96.5^)1 melting 18^-186® with softening at 
181°. Recrystallization from ethanol gave 5.5 (55.5^) 
of faintly yellow plates melting at 186-187.5° which were 
identified as phenothiazine by a mixed melting point deter­
mination. Dilution of the ethanolic mother liquor gave an 
additional 3.0 g. (30,^1'^^) of phenothiazine. 
Oilman, P. R. Van Ess and D. A, Shirley, jJj. Am. 
Chem. Soc.. §§^, 12lk (19^4). 
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Reaction of lithium with carbazole 
To a Btlrred solution of 16,7 g* {0*1 mole) of carbaEole, 
which had been dried overnight In a 110® oven and then cooled 
In a deelccator, In 200 ml. of purified dloxane was added 
4.0 g, (0,57 i* atom) of lithium wire. The mixture was 
Btirred and refluxed for Zk hours and gradually became milky 
and then gray-green. Subsequent to cooling, the mixture -was 
filtered through a glaee wool t-)lug (to remove the particles 
of lithium) into cracked ice to give a white eolld; 15.5 
(92,2/^) melting over a range of 226-236® with shrinking from 
205®, Recrystalllzation of a portion of the eolid from 
benzene gave colorlese crystals which were shown to be 
carbazole by a mixed melting point determination. 
Reaction of lithium with 9-ethylcarbazole 
Run 1, To a stirred solution of 19.5 g. (0.1 mole) of 
9-ethylcarbazole in 200 ml, of purified dloxane vas added 
2,0 g. (0,29 g. atom) of lithium wire. The mixture was 
stirred and refluxed for 1^ hours and then filtered through 
a glaee wool plug into another flask and hydrolyzed by the 
slow addition of 150 ml, of a 1:1 water-dloxane solution. 
Additional water was added to precipitate a white eolid 
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which >ra8 shown to be 9-ethylcarbazole by a melting point 
and mixed melting point determination; 16.0 g. (82.0^), 
Run 2. In another experiment 19.5 g* (O.l mole) of 9-
ethylcarbazole and 3.2 g. (0.46 g. atom) of lithium wire were 
refluxed for 24 hours in 200 ml, of purified dioxane. After 
hydrolysis ae in Run 1, a 95«0^ recovery of 9-ethylcarbazole 
was obtained. 
Run 3. Using the same amounts of reagents ae in Run 2, 
97.0^ of the 9-ethylcarba2ole was recovered aubeequent to 
carbonation of the reaction mixture with a slurry of Dry Ice 
and ether. 
Azo and Boron Derivativeb of Carbazole 
3-{2.4~Dlnitrophenylazo)-9-ethylcarbazole 
To 11 ml. of concentrated sulfuric ecid was added 1.6 
g. (0,022 mole) of sodium nitrite. The solution warmed 
spontaneously to 70® and then was cooled to 10® in an ice-
bath. To the nitrosyl sulfuric acid was added a slurry 
formed by adding 3.7 g. (0.02 mole) of 2,4-dlnltroaniline 
to 40 ml, of glacial acetic acid, heating until dissolved 
and cooling to 10®. The temperature of the reaction mixture 
was maintained between 10® and 15° daring the addition. 
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After 30 mlnutee at Ice-bath temperature with occasional 
Bh&klLng, 20 g. of Ice and about 1.0 g, of urea was added. 
The dlazonlunj salt solution wae filtered Into a etlrred 
solution of 3.9 g. (0,02 mole) of 9-ethylcarbazole In 150 
nil, of ethanol and 10 ml. of a 10^ aqueous eodlum hydroxide 
solution. The clear mixture became purple, orange and then 
red. Stirring wae continued for 10 hours and the resulting 
red eolld wae filtered off and alr-drled. Repeated recrye-
talllmtlon from glacial acetic acid gave 0.6 g. (0.7^) of 
maroon needles melting at 21^-215° (dec.). 
Anal. Calcd. for C20H15N504; N, 18.46^. Found: N, 
18,68, 18.57^. 
3-(jo-KltroT)henylazo)-9-ethylcarbazole 
To 3 ffll. of concentrated hydrochloric acid and 3 ml. 
of water was added 1.4 g. (0,01 mole) of £-nltroanillne. 
The mixture was heated until the amine hydrochloride die-
eolved and then cooled to 0° in an ice-bath. Three ml, of 
concentrated hydrochloric acid and 3 ml* of water were added 
followed by 0,8 g, (0.011 mole) of eodium nitrite in 3 ml. 
of water. The reaction temperature wae kept below 5° during 
the diszotlzation by the addition of email piecee of ice. 
After aporoximately 15 minutes the eolation wae diluted with 
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10 g. of ice and ures wae adc'ed to destroy the excess nitrous 
acid. The diatonium salt solution wae filtered Into a 
stirred solution of 1.95 g» (O.Ol mole) of 9-ethylcarbazole 
in 50 ml, of glacial acetic acid which had been cooled to 
l4°. The temperature dropried to 11,5° during the addition 
and the solution became red, then orange, and a eolid 
separated. After 30 minutee 16.0 g. (0.2 mole) of anhydrous 
sodium acetate wae added; the temperature rose rapidly, but 
was held below 30® with an ice-bath. Stirring was continued 
for 5 hours. The orange solid wae separated and recryetal-
llzed twice from glacial acetic acid (Norit-A) to give 0,05 
g. (1.^^) of reddish needles melting at 183-184°. Further 
recryBtalllzation did not raise the melting point. 
Anal. Calcd, for C2oH]^6Nii,02: N, 16,27^. Found: N, 
16.10, 16.195^. 
3~(o-Mitrophenylazo)--9-ethylcarbazole (attempted) 
Run 1. To 3 ml. of concentrated hydrochloric acid and 
3 ml. of water was added 1.4 g. (0.01 mole) of ja-nitroaniline. 
The mixture was warmed to 70° and then cooled to 0® with 
stirring. Three ml, of concentrated hydrochloric acid and 
3 ml. of water were added. Keeping the temperature at 0-5°i 
0,8 g, (0,011 mole) of sodium nitrite in 3 of water was 
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added and the mixture was allowed to stand for 15 lalnutes. 
Ten g. of ice and a little urea were added and the cold 
diazoniuffl salt solution was filtered into a stirred eolutlon 
of 1.95 g. {0.01 mole) of 9-ethylcarbazole In 100 ral, of 
glacial acetic acid at 15-16®. The reaction temperature 
dropped to -1° and the mixture became dark. After 30 minutes 
16.0 g. {0.2 mole) of anhydrous sodium acetate was added. 
Stirring was continued for 18 hours. The resulting solid 
was filtered off and washed with water; 0.0^ g. (l.O^). 
Recrystallization from benzene-petroleum ether (b.p. 60-70°) 
gave only a few red needles. Dilution of the original acetic 
acid mother liquor gave a tarry mass from which only oils 
could be obtained on attempted crystallization. 
Run 2. To 3 ml. of concentrated hydrochloric acid and 
3 ml. of water was added 1.^ g. (O.Ol mole) of £-nitroanlline. 
The mixture was stirred and heated to 75® and then cooled to 
o 
0 . Three ml. of concentrated l^drochlorlc acid and a few 
pieces of Ice were added and the amine wae diazotlzed with 
0.8 g. (0.011 mole) of sodium nitrite in 3 nil. of water while 
maintaining the temperature at 0-5®* After 15 minutes the 
solution wae diluted with ice and a email amount of itrea 
was added. The dlazonlum salt solution was filtered into a 
stirred solution of 1.95 g. (O.Ol mole) of 9-ethylearbazole 
in 50 ffll* of glacial scetic acid which had been cooled to 
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15°» reaction mixture turned darlr and the temperature 
fell to 8®. After 2 hours 8.0 g, (0.1 mole) of anhydrous 
Bodium acetfcte was added and stirring v&b continued for an 
hour. The dark solid wae separated and cryetallized from 
ethanol to give a tacky brown Eolid, The eolid wae dleeolved 
in petroleum ether (b.p. 60-70®), treated with Norit-A while 
hot, filtered and cooled. No cryetallizatlon occurred. 
Evaporation of the solvent gave 1.2 g. (61.?^) of colorless 
crystals melting at 69-70® which were identified as 9-ethyl-
carbazole by a mixed melting point determination. 
Run 3. The diazonium salt fiolution obtained from 1.4 g. 
(O.Ol mole) of £~nltroaniline as described in Run 2 was fil­
tered into a stirred solution of 1.95 g» (0,01 mole) of 9-
ethylcarbazole in 75 ml• of ethanol and 5 ml. of 10^' aqueous 
sodium hydroxide. The reaction temperature was maintained 
below 5° during the addition. Stirring was continued for 
22 hours to give an orange solution and an orange solid. 
The solid was filtered off and washed with methanol leaving 
0.1 g. of an orange solid melting 139.5-1^2®. Recrystalliza­
tion from ethanol gave only traces of an oranse powder. The 
combined ethanol and methanol solutions were concentrated to 
give an orange Folld with a nitrobenzene odor. Washing the 
solid with petroleum ether (b.p. 60-70®) dissolved all but a 
small brownish residue which gave only an oil on attempted 
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cryBtftlllEation. The Detroleum ether solution was evaporated 
to give 1.7 g. (87.0^) of orange solid melting at 70-72° and 
ehowlng no depression when admixed ^^ith an authentic saiiiple 
of 9-ethylcarbazole, An additional treatment with Detroleum 
ether (b.p, 60-70°) and Norlt-A removed the color and 
sharpened the melting point to 70-71°. 
3-(p-Bromot>henylazo)-9-ethyloarbazole (attempted) 
Run 1. A mixture of 9.46 g. (0.055 mole) of j^-broiao-
anlline and 15 ml. of water was heated until the amine melted 
and then treated with 12.5 El. of concentrated hydrochloric 
acid, fhe Bolutlon wae chilled rapidly with stirring to give 
fine needles of the amine hydrochloride. Ice was added and 
the amine was diazotized with 3.85 g. (0,056 mole) of eodlum 
nitrite in 8 ml, of water. The exceee nltroue acid was 
deetPoyed with urea. The cold solution was added in email 
portions to a stirred mixture of 9.85 g. (0.05 mole) of 
9~ethylcerbazole, 300 ml, of ethanol and 110 ml. of 10^ 
ethanollc sodium hydroxide. Stirring was continued for 
hours to give a purple mixture which wae filtered to remove 
a brown solid. RecryEtalllzatlon of the eolld from dilute 
ethanol gave 2.0 g. (21,0j^) of 9-ethylcerbazole melting at 
70-72°. The original filtrate from the reaction mixture wae 
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poured Into several hundred ml. of water to give a reddish 
solid which was almost completely soluble in petroleum ether 
(b,p. 60-70*'). Tbe solution was warmed, treated with Norit-A, 
filtered and evaporated to yield 4.5 g. (^5.0^) of 9-ethyl-
carbazole melting at 69-71°. The identity of the products 
WES established by mixed melting point determinations. 
Run 2« The same amount of ^-bromoaniline as in Run 1 
wae diazotized in the same manner and was added elowly to a 
stirred mixture of 9.85 g. (0,05 mole) of 9-ethyloarbazole, 
68.0 g, (0,5 mole) of sodium acetate trihydrate and kOO ml, 
of glacial acetic acid. The reaction mixture rapidly became 
red and a solid separated. After stirring for 5i hours the 
Eiixture wae allowed to stand overnight. The yellowish solid 
was separated and recrystallized from ethanol (Norit-A) to 
give 3,3 g, (33.5^) of 9-ethylcarbazole melting 69.5-71°. 
The original filtrate was poured into several hundred ml. of 
water to give a brown solid which wae dissolved in petroleum 
ether (b,p, 60-70°), Treatment of the warm solution with 
Norit-A, filtration and evaporation gave g, (44,6^) of 
9-ethylC£rb8Zole melting at 70-71°. 
Run 3. To 11 ml. of concentrated sulfuric acid was added 
1,6 g, (0,022 mole) of sodium nitrite. The mixture was 
warmed to 70° and then cooled to 10® in an ice-bath. Mean­
while, a mixture of 3,44 g. (0,02 mole) of 
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and 40 ml, of gl&cial acetic acid was warmed until the amine 
melted and then cooled to 10®. The resulting slurry of amine 
acetate was slowly added to the nitroeylsulfurIc acid solu­
tion with agitation while keeping the reaction temperature 
below 15°* After 5 minutes 30 g» of ice and a little urea 
was added. The clear diazonium eelt solution was slowly 
added to a cold stirred solution of 3*9 g. (0.02 mole) of 
9-ethylcarbazole in 150 ml. of glacial acetic acid. The 
mixture wae stirred for li hours and then allowed to stand 
overnight, A blue eolid wae filtered off and washed with 
water and with petroleum ether (b.p, 60-70®), The petroleum 
ether solution yielded 2,1 g. of 9-ethylearbazole melting 
69-71®. The blue solid which was Insoluble in the petroleum 
ether wash liquid was dissolved in an ethanol-benzene mix­
ture, treated with Norit-A, filtered and the solvents 
evaporated. The residue was re crystallized from dilute 
acetic acid (Norit-A) to give blue needles. After filtering, 
the needles were washed with petroleum ether (b.p. 60-70®) 
which dissolved the needles, but left a blue stain on the 
paper. Evaporation of the solvent gave 1.3 g* (33*3^) of 
colorless needles; melting point and mixed melting point with 
9-ethylcarba20le 70-71.5°* 
Bun 4. To 60 ml. of concentrated sulfuric acid was 
added 6.4 g. (0.088 mole) of sodium nitrite. The temperature 
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rose to 65^ and the mixture was cooled to 6^ In an ice-bath. 
To the etirred nltrosyleulfuric acid solution was added 
dropwise 13.8 g. (0,0825 mole) of £;-bromoaniline in 45 ml, 
of pyridine keeping the temperature below 10®, The addition 
required 90 minutes, After 10 minutes 20-25 g. of ice and 
eome urea were added. Over a 45-50 minute period 15,6 g, 
(0.08 mole) of 9-ethylC8rbazole in 75 ml» of pyridine was 
added while maintaining the reaction temperature below 5°« 
Stirring was continued for 4 hours while the ice-bath slowly 
warmed to room temperature. After etending orernight the 
reaction mixture was poured into 200-300 ml, of water and 
the resultii^ brown solid was recryetallized from a small 
amount of petroleum ether (b,p, 60-70°) to give 4,0 g, (62,5^) 
of 9-ethylcarbazole melting at 69-70°. 
Run 6. A stirred mixture of 8,5 g. (0,05 mole) of £-
bromoaniline, 30 ml. of water and 15 ml. of concentrated 
hydrochloric acid was heated until the amine hydrochloride 
dissolved and then cooled to 3° in an ice-bath. Fifteen ml, 
of concentrated hydrochloric acid was added and the amine 
was diazotized by the slow addition of 3.45 g. (0,05 mole) 
of sodium nitrite in 7 ml, of water while keeping the 
temperature at 3-8° by the addition of small pieces of ice, 
fhe diazonium salt solution was allowed to stand with 
occasional stirring. Meanwhile, 9.75 g. (0.05 mole) of 
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9-ethylcai»bazole wae emulelfied by heating with 0,5 g. of 
21 0 
clear flake glue, 0,5 g. of Nekal BA-75 10 of 
water to 60®, diluting with 0.2 g. of Nekal BA-75 in 90 ml. 
of water, heating until the 9-ethylcarba20le melted and 
stirring ae the mixture cooled to give a white suspension. 
The suspension was further cooled to 15® and poured slowly 
into the stirred diazonium salt solution. There was no 
aporeciable color change. Stirring was continued for 22 
hours. The suspension, which had become slightly yellow, 
was shielded from the light and stirring was continued for 
43 additional hours. The mixture was diluted with water to 
give a tan solid which on treatment with petroleum ether and 
Norit-A as in the earlier runs was shown to be 9-ethylcarba-
zole; 7,4 g. (75.9^). 
1-(o-Broffiophenylazo)-9-61hylcarbazole (att empt ed) 
Run 1. A warm mixture of 9.46 g. (0,055 mole) of o-
bromoaniline and 25 ml. of water was treated with 12.5 ml. 
of concentrated hydrochloric acid. The mixture was stirred 
and heated until solution was nearly complete, then placed 
in an ice-bath and stirred while cooling. A little ice 
PI 0 
"^ Generously supplied by Antara Chemicals, General 
Aniline and Film Corporation. 
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vae added followed by 3.85 g. (0,056 mole) of sodium nitrite 
in 8 ml. of water. The exceee nitrous acid was destroyed 
by urea and the diazonlum salt eolutlon was added in email 
portions to a stirred mixture of 9.85 g. (0.05 mole) of 9-
ethylcarbazole, 3OO ml. of ethanol and 110 ml, of 10^ 
ethanolic sodium hydroxide. The reaction veeeel was kept 
in an ice-bath during the addition. The mixture wae stirred 
for hours while the color became orange and then dark red. 
A small amount of brown solid wae filtered off and the 
filtrate was poured into approximstely 400 ml, of water. 
The resulting colloidal diepereion wae broken by the addi­
tion of anhydrous sodium sulfate to give a tan solid. Dis­
solution in petroleum ether (b.p. 60-70®), treatment with 
Norit-1 and evaporation gave 6.7 g. (69*0^) of 9-ethyl-
carbazole melting at 69-70.5°. A mixed melting point with 
an authentic sample showed no depression. 
Run 2. To a solution of 30 ml. of concentrated sulfuric 
acid and 15 ml, of water at 10® was added, with stirring, 
3.2 g, (0,04 mole) of sodium nitrite then 6.9 g. (0,04 mole) 
of £-broffloanlHne in 10 ml. of pyridine. The temperature 
0 
was maintained below 25 during the addition. Urea wae added 
and the cold diazonlum salt eolutlon was added slowly to a 
stirred solution of 7.8 g. (0,04 mole) of 9-ethylcarbazole 
in 30 ml, of pyridine keeping the temperature below 25°. 
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When approximately one-half of the dlazonlum salt solution 
had been added the mixture vae diluted with 50 ml. of pyri­
dine. After etlrrlng for 10 minutes the mixture was allowed 
to stand for an hour and then treated with 200 ml, of water 
to give a dark oil which slowly solidified. The water was 
carefully decanted and the oil was ehaken with several por-
tlone of petroleum ether (b.p. 60-70®) leavlna: only a small 
amount of tarry solid. The petroleum ether solution was 
treated while hot with Norlt-A and evaporated to give 6.1 g. 
(78.2^) of colorleee needles melting 69-71°• The product 
was Identified as 9-ethylcarbaxole by a mixed melting point 
determination. 
p-Carboxyphenylazo)-9-ethylcarbazole (at tempted) 
Bun 1. To 3 ml. of water and 3 ml. of concentrated 
hydrochloric acid wae added 1.37 ff. (O.Ol mole) of ^ -amlno-
benEolo add. The mixture wae warmed to 70® and then cooled 
to 5® in ic®* amine wae dlazotlzed with 0.8 g. (O.Oll 
mole) of Bodluffi nitrite In 3 ml, of water while keeping the 
reaction temperature at 5-10*'* After 10 minutes the Bolutlon 
was diluted with 10 g. of Ice, treated with urea and filtered 
into a stirred solution of 1.95 g* (0*1 mole) of 9-ethyl-
carbazole in 50 ml. of glacial acetic acid which had been 
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cooled to 16®. The reaction mixture became reddish and the 
temperature fell to 11®. Stirring wae continued for 6 hours 
during which time the color changed to light brown. The 
solid wae filtered off and washed with dilute hydrochloric 
acid; 2.2 g. of yellow solid melting over a range of 78-117®. 
0 
Dissolution in petroleum ether (b.p. 60-70 ), treatment with 
Norlt-A and evaporation gave 1,5 g, (77.0^) of 9-ethyloarba-
Eole ae identified by a mixed melting point determination. 
Run 2. The reaction was repeated using the same amounts 
of reagents and the same conditions to give a 64.0^ recovery 
of 9-ethylcarbaEOle. 
3«'(jg-Hitrophenylazo)-9-ethylcarbazole-"l-oarboxyllc acid 
(attempted) 
To gain an indication of whether or not a diazotized 
amine might couple with a 9-ethylcarbazoleboronic acid the 
reaction wae first carried out with the more accessible 
9-ethylcarbazole-l-carboxyllc acid. 
To 3 ®il. of concentrated hydrochloric acid and 3 ml. of 
water wae added 1.4 g. (0,01 mole) of £,-nltroaniline. The 
mixture wae warmed and stirred until the amine hyorochloride 
dissolved and then cooled to below 5®, Three ml. of concen­
trated hydrochloric acid and 3 ®1. of water were added 
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followed by 0.8 g. (0.011 mole) of eodlum nitrite In 3 ml, 
of water keeping the temperature below 5®* After 15 minutes 
the eolutlon wae diluted with 10 g, of ice, treated with 
urea and filtered Into a stirred suepeneion of 2.39 g. (O.Ol 
mole) of 9-ethylcarbazole-l-carboxylic acid and 4,0 g, (0.1 
mole) of Bodlum hydroxide in 50 ®1, of water. The reaction 
temperature was 2-3®. Stirring was continued for 2 hours 
at 0-5^* The ice~bath was removed and stirring was continued 
for 3 hours. After standing overnight the white solid was 
filtered off and dissolved in dilute sodium hydroxide solu­
tion. The combined filtrates were extracted with two 50 ml, 
portions of benzene. The aqueous phase wse warmed to expel 
any residual benzene and acidified with 3 N hydrochloric acid 
while being stirred in an ice-bath. The resulting brown 
solid was separated and recrystalllzed from ethanol-petroleum 
ether (b.p. 77-115°) then from carbon tetrachloride to 
give 1,05 g. (44,0^) of slightly yellow crystals melting at 
170-172® which were Identified as starting material by a 
mixed melting point determination. 
3-(p-HydroxyT)henylazo)-9-ethylc&rbazole (attempted) 
A mixture of 2.1 g. (0.01 mole) of 3-amino-9-ethyl-
carbazole, 6 ml. of ''^^ater and 6 ml, of concentrated 
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hydrochloric acid was stirred and heated to 70^ and then 
cooled to While maintaining the reaction temperature 
below 5°» the amine was diazotized with 0.9 g. (0,013 roole) 
of sodium nitrite in 3 ml. of ^ater. After 15 minutes the 
Bolution was diluted with 10 g. of ice, treated with urea 
and filtered into 0,94 g. (0,01 mole) of phenol, 2.9 g. (0.072 
mole) of sodium hydroxide and 3.8 g. (0.036 mole) of anhydrous 
sodium carbonate in 50 ml, of water. The phenolic solution 
o 
had previously been cooled to 1 . Stirring was continued for 
6 hours. After standing overnight the dark reaction product 
was diluted with an equal volume of water and filtered; no 
solid could be observed on the filter paper. The filtrate 
was acidified with 3 ^ hydrochloric acid while being stirred 
in an ice-bath to give a black solid which was separated and 
washed with water and with dilute hydrochloric acid, A hot 
ethanolic solution of the solid vae treated with Norit-A, 
filtered and cooled, but gave no crystals. The solution was 
poured into water to give a dark oil which was separated from 
the aqueous phase. Dissolution in benzene, treatment with 
Norit-A and cooling gave 1.6 g. (50.8^) of yellow fibrous 
material melting over the range 127-1^1° with darkening. 
Two recrystallizations from benzene (Norlt-A) gave 0,25 g* 
(7#9^) of a yellow solid melting 130-132° (dec,). Further 
recrystallizations did not improve the melting point. The 
7k 
Infrared epeotrum showed a band at 6*4^ which le indications 
of ths SLZO linkage, Analysis of the compound gave precise 
results for nitrogen content which were not, however, In 
accord with the calculated amount of nitrogen for either the 
monoazo derivative or the dieazo derivative. 
Anal. Calcd, for (monoazo derlv.): N, 
13.32^* Galcd, for C^jij,H2gNgO (dlsazo derlv,); N, 15.66^. 
Founds N, 11.18, 11.25^. 
3- (a'-Hy dr oxy~l~napht hylazo) -9- e thyl oarbaeole 
A mixture of 2,1 g. (O.Ol mole) of 3-amlno-9-ethyl-
carbazole, 3 sal, of concentrated hydrochloric acid and 6 ml. 
of water was stli^ed and heated to 75® and then cooled to 5^ 
in an ice-bath. Three ml, of concentrated hydrochloric acid 
wae added and the amine wae dlazotized by the slow^ addition 
of 0,9 g. (0.013 mole) of sodium nitrite In 3 ml. of water 
keeping the reaction tenqjerature below 10®, After standing 
for 15 minutes with occasional stirring, the mixture was 
diluted with about 10 g. of ice, treated with urea and 
filtered into a cold stirred solution of 1.44 g, (O.Ol mole) 
of 2-naphthol, 2.9 g. (0.072 mole) of sodium hydroxide and 
3.8 g, {0.036 mole) of anhydrous sodium carbonate in 50 ®1» 
of water. During the addition, the temperature WGB maintained 
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at 2-4°. Stirring was continued for 6 hours with the in­
ternal teaperature below 5° foi* additional 4 houre 
while the mixture warmed to room temperature. The maroon 
solid was filtered off and washed with water; 3.05 g. {83«5^) 
melting over a range of 161-180°. One g, of the solid was 
chromatographed through 40 g, of a 1:2 Cellte-silicic acid 
mixture using toluene as the eluant. The main fraction 
yielded 0.7 g. (19.1^) of maroon needles melting 179-181®. 
Portions of the remaining crude product could not be recrye-
tallized from benzene, ethanol or petroleum ether (b.p. 60-
70°) or from a mixture of these eolvents. The infrared 
0p«ctrum showed a band at 6.4 /a indicative of NsN. 
Anal. Calcd. for N, 11.79^. Found: N, 
11.82, 11.98^ . 
2-Hydroxy-5-(9-ethyl-3-o&rba2;olyla2o)-benzeneboronlo acid 
(attempted) 
To 6 ml. of concentrated hydrochloric acid and 
3 ml. of water was added 2.1 g. (O.Ol mole) of 3-afflino-9-ethyl-
carbaaole. The mixture was stirred and heated to 75° s^J^d 
then cooled to 0®. The amine was diazotized by 0.8 g. (0.011 
mole) of sodium nitrite in 3 ®1» of water keeping the reaction 
temperature below 5°» After 15 minutes the solution was 
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diluted with 10 g, of Ice, treated with urea and filtered 
Into a stirred eolution of 1.38 g. (0.011 mole) of o.-
hydroxybenzeneboronic acid anhydride and 2,9 g. (O.072 mole) 
of Bodlum hydroxide in JO ml. of water at 4°. Stirring was 
continued for 4 hours with the internal temperature below 
5®. The ice-bath was removed and stirring continued for an 
additional 5k hours. After standing overnight the dark brown 
mixture was filtered to reuKjve a small amount of brown 
material which was washed with water and with dilute sodium 
hydroxide, fhe combined filtrate and washings were acidi­
fied with 3 N hydrochloric acid while being stirred in an 
ice-bath. No precipitation was evident, but filtration gave 
a dark tarry solid, Aptsroximately half of the material was 
dissolved in hot benzene and treated with Norit-A. The 
color was not lightened and there was some tar admixed with 
the charcoal. No solid could be obtained on cooling. 
Evaporation in stages, gave only tar. Attempted crystalli­
zation from ethanol likewise gave only tarry material. 
Run 2. The reaction mixture obtained from the same 
amount of reagents ae in Run 1 stirred at 0-5° for 2 hours 
and then for h additional hours was filtered to give a brown 
solid. Suspension in water and acidification of the mixture 
did not apparently chane-e the solid which was washed with 
water and with petroleum ether (b.p. 60-70°). The residue, 
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could not be cryetalllzed from benzene, ethanol of chloroform. 
The original filtrate and washinge were acidified with 3 N 
hydrochloric acid, with cooling, to give a black solid, No 
crystallization could be induced. 
Run Using twice the quantities of reagents as in 
the prerioue runs 9-ethylcarbazole-3-diazoniu!B chloride waB 
reacted with ja-i^^J'oxybenzeneboronic acid anhydride for 5 
hours at 0-5° and then for an additional 4 hours. The re­
sulting brown solid was separated, suspended in water and 
the mixture acidified with 3 N hydrochloric acid as above 
to give 2,05 g* (30.1^) of black, or dark blue, material. 
Using a column of g. of 1:2 Celite-silicic acid prepared 
with carbon tetrachloride, 1.0 g. of the crude product in 
200 sfl.. of 1:1 carbon tetrachloride-chloroform was chromato-
graphed. After 7^0 ml. of 1:1 carbon tetrachloride-chloro-
form had been used as the eluant, 500 ml, of 1:2 carbon 
tetrachloride-chloroform was used and then chloroform alone. 
Bands were not discernible on the column, so fractions were 
taken at arbitrary intervals. Each fraction was allowed to 
evaporate elowly at room temperature. No crystalline or 
powdery material was obtained. All residues were dark, tacky 
semi-solide. The remainder of the crude product was dis­
solved in a large volume of warm acetone and treated with 
Norit-A, No crystallization occurred on cooling. Dilution 
of the dark solution with water gave only oils or tar. 
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Run 4. A mixture of 6 ml. of concentrated hydrochloric 
acid, 20 ml, of water and 4.2 g. (0.02 mole) of 3-amino-9-
ethylcarbazole was stirred and heated to 70^ then cooled 
to 5*^ in ice. Six ml. of concentrated hydrochloric acid was 
added followed by 1.6 g. (0.023 mole) of sodium nitrite in 
6 ml, of water while maintaining the reaction temperature 
0 
below 10 . The diazonium salt solution was added slowly to 
a stirred mixture of 2.76 g. (0.022 mole) of jg»-hyaroxybenzene-
boronic acid anhydride, 2.2 g. (0.054 mole) of sodium 
hydroxide, 20 ml, of water and approximately 20 g. of ice. 
fhe addition required 1^ minutee. The mixture rapidly became 
yellow and then green. Stirring was continued for 7 hours 
while maintaining an internal temperature of 0-5°. The 
color gradually changed to yellow-brown. After standing 
OTernight the solid was filtered off and washed with vater. 
While air-drying, the surface darkened. One g. of the crude 
dye was dissolved in 100 ml. of chloroform and the solution 
was filtered and chromatographed on an 18 x 210 mm. column 
of alumina. Chloroform was used as the eluant until the 
eluate was nearly colorless and then methanol was used. Each 
fraction was allowed to evaporate. The chloroform fractions 
gave dark sticky material and th«=; methanol eluates gave 
yellow oily material. 
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One g. of the crude dye was dieeolved In 50 ml. of 
chloroform and the solution was dried over anhydrous eodium 
sulfate. The deeiooant wae filtered off and vashed with a 
10 ml. portion of chloroform and a 15 ml. portion. The 
waehings were added to the dye solution which was chromato-
graphed on an 18 x 300 mm column of 1:2 Celite-silicic acid 
using chloroform as the eluant. Three fractions were col­
lected and allowed to evaporate to give a email amount of 
red-yellow oily material, a trace of dark Bticky substance 
and a black and yellow oil, respectively. 
One g, of the crude dye wae dieeolved in 200 ml. of ^ :l 
toluene-chloroform, dried as described in the preceeding 
paragraph and chromatographed on a similar column. Toluene-
chloroform (4:1) as the eluant gave a yellow eluate which 
on evaporation gave a tacky red material containing a few 
brownish particles. When the eluate became colorless, the 
eluant was changed to 1:1 toluene-chloroform. Evaporation 
of the fractions gave dark or heterogeneous material and tar. 
Chloroform as the eluate gave only black tar, while ethanol 
gave a small amount of a black and yellow eubetance. 
Two g. of the crude product was dissolved in hot ethanol, 
treated with Norit-A and filtered while hot to give a light 
yellow solution. No crystallization occurred on cooling 
even after refrigerating for 96 hours. The solution was 
warmed and diluted to give a yellowish oil on cooling. Mo 
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solid could be obtained by cooling the oil and scratching 
either with or without petroleum ether (b.p. 6O-70®). 
Run 5* A mixture of 4,2 g. (0.02 mole) of 3-amlno-9-
ethylcarbazol®, 11 ml, of water and 6 ml. of concentrated 
hydrochloric acid was stirred until an almoet smooth paste 
wag obtained and then cooled to 3° In an Ice-bath. While 
keeping the temperature below 5° 1*5 g. (0,022 mole) of 
sodium nitrite in 7 ml, of water wae added slowly. After 
standing for 20 minutes the dlaaonlum salt mlxtvire wae 
diluted with 20 g. of ice and poured into a cold stirred 
solution of 2.46 g, (0.0205 mole) of £-fc®'droxybenzeneboronlc 
acid anhydride in 30 ml. of water containing 1,8 g. (0,0^5 
mole) of sodium hydroxide. The mixture was stirred for 4 
hours in an ice-bath and the resulting solid filtered off 
and washed with water; 2.0 g. One g, of the crude dye was 
dissolved in 200 ml, of ethanol and chromatographed through 
a column of 1:2 Gelite-sllicic acid using ethanol as the 
eluant. No bands were visible on the column which became 
yellow. The yellow-brown eluate was allo%'ed to evaporate 
slowly at room temperature to give a dark sticky material. 
The remainder of the crude product was stirred and warmed 
to 85° with nitrobenzene to give a dark solution which was 
treated with Norit-A and filtered while hot. The color was 
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not lightened by the charcoal. No crystallization occurred 
even after standing for several weeks. 
Run 6. Using the same procedure and the same amount of 
reagents as in Run 5» dlazotized 3-ainlno-9--ethyloarbazole 
vas reacted with o-hydroxybenzeneboronic acid anhydride to 
give a brown reaction mixture. The solid was separated and 
disBolved in acetone to give a dark red solution. One 
hundred ml, of the solution was chromatographed through a 
21 X 155 column of 1:2 Celite-silicic acid using acetone 
as the eluant. The column became yellow and gradually 
darkened. No bands were visible. The eluate was allowed 
to evaporate to give a black tacky substance. Another 100 
ml, of the solution was chromatographed through a 21 x 155 
mm, column of alumina using acetone as the eluant. Although 
four distinct bands developed on the column only dark tarry 
materials or oils could be obtained. 
9-»[o-( 3'>borono~^hydroxyphen.yla2o)~phenyl] -carbazole 
(attempted) 
A mixture of 1.29 g. (0.005 mole) of 9-(o-aminophenyl)-
1 
carbazole, ^  2 ml, of concentrated hydrochloric acid and 2 
211 
H. G, Dunlop and S. H. Tucker, £4, Chem. Soc.. 1939. 
19^5. 
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ml. of water was stirred and heated to 70® ^nd then cooled 
to ml. of concentpated hydrochloric acid was added 
followed by 0.4 g, (0,0055 mole) of eodluffl nitrite in 2 ml, 
of water while maintaining the reaction temperature below 5^» 
After 15 minutes the solution was diluted with 10 g. of ice, 
treated with urea and filtered into a cold stirred solution 
of 0,69 g» (0,005 mole) of £-hydroxybenzeneboronic acid 
anJi^dride, 1,^5 g. (0,036 mole) of sodium hydroxide and 1,9 
g, (0,018 mole) of anhydrous sodium carbonate in 30 ml. of 
water. The mixture was stirred at ice-bath temperature for 
6 hours and then for an additional 5 hours while warming to 
room temperature. The brown solid wae separated, powdered, 
suspended in water and the mixture acidified with 3 N hydro­
chloric acid while being stirred in an ice-bath. The re­
sulting brown solid was filtered off and dissolved in hot 
benzene. No crystallization occurred on cooling. The brown 
residue left when the benzene was evaporated gave only a tan 
sticky substance on attempted crystallization from dilute 
ethanol. The original filtrate from the reaction mixture 
was similarly acidified to give Just a trace of brown tarry 
material. 
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9~£thyloarbazole--l-'boronlc acid (attempted) 
Run 1. To an ethereal solution containing 0.4l4 mole 
of n-butylllthluin was added 67,0 g, (0,3^ mole) of 9-ethyl-
carbazole. The mixture wae refluxed and stirred until Color 
212 
Test II was only faintly positive (22 hours) and then fil­
tered through a glass wool plug into a dry addition funnel. 
A stirred solution of 131.0 g. (0.57 mole) of trl-n-butyl 
borate in 4l0 ml. of ether ^ as cooled to -65° with a Dry 
Ice-acetone bath and the suspension of l-lithio-9-ethylcarba-
zole was added over a 70 minute period v/hile maintaining the 
reaction temperature below -65°• Color Test I^^3 ^ ag negative 
immediately after the addition. Five hundred ml. of 15^ 
aqueoue sulfuric acid was added slowly while the mixture 
warmed to room temperature. Water was added to dissolve a 
small amount of solid and the layers were separated. The 
ether was distilled from the organic layer, the residue was 
made alkaline with 500 ml. of 15^ aqueous potaselum hydroxide 
and the n-butanol was removed along with some of the water 
by azeotroplc distillation. The residue was cooled and 
filtered to remove a greenish solid. The cooled filtrate 
Gilman and J. S%rigp^ J. Am. Chem. Soc.. 62. 18^7 
(19^0). 
23-3h. Oilman and F. Schulze, ibid.. 2002 (1925). 
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was carefully acidified with 6 N hydrochloric acid, heated 
to dissolve a green solid but not a tarown oil, filtered while 
hot, and cooled in the refrigerator. The oil was dissolved 
in ether and the solution was extracted with three portions 
of sodium carbonate and then with three portions of 8^ 
sodium hydroxide. The carbonate extract gave no solid after 
acidification. The sodium hydroxide extract gave an oil on 
acidification which did not solidify on cooling in the re­
frigerator. When no solid was obtained from either portion 
of the reaction product each was extracted with ether and 
the extracts were allowed to evaporate. Only dark hetero­
geneous solids were obtained whJLch could not be purified. 
Run 2. An ethereal solution of 0.159 mole of n-butyl-
lithium was added slowly to 25.^ g. (0,13 mole) of 9-ethyl-
carbazole in 110 ml. of anhydrous ether. The resulting green 
212 
solution was refluxsd until Color Test II was only faintly 
positive (24 hours). The solution was filtered through glass 
wool into a dropping funnel and added slowly to a stirred 
solution of 7^*0 g. (0,32 mole) of tri-ja-butyl borate in 200 
ml. of anhydrous ether which had been cooled to -65^* Color 
Test was negative Immediately after the addition was 
complete. The mixture was hydrolyzed with 150 ml, of 10^ 
aqueous sulfuric acid and then treated with 150 ml, of water 
to dissolve all of the solid. The layers were separated and 
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the aqueous layer was extracted twice with ether. The ether 
was evaporated froa the combined organic layers and 160 ml. 
of 10^ potassium hydroxide solution was added to the residue. 
The hutanol was removed by azeotropic distillation to give a 
clear liquid and a greenish solid. The solid was filtered 
off and the filtrate was acidified to yield a small amount 
of dark tarry solid. The filtrate was concentrated to give 
a few black particles plus a larger amount of white solid. 
The solids were boiled with benzene, filtered while hot, and 
the filtrate evaporated to give a dark solid which was dis­
solved in acetone and the solution was heated and diluted 
to incipient cloudiness. Cooling gave a dark brown solid 
which waB recrystallized from aqueous ethanol to give 3»0 g» 
(11.8^) of 9-ethylcgrbazole; m.p. and mixed m.p., 68-71°. 
No other product could be isolated. 
9-Ethvlcarbazole-3-boronic acid 
To a stirred solution of 23.6 g. (0.086 mole) of 3-
bromo-9-ethylcarbazole in 70 ml. of ajtihydroue benzene was 
added an ethereal solution of 0,l43 mole of ri-butyllithium. 
The resulting solution was refluxed for an hour, cooled, 
and added to a stirred solution of 46.0 g. (0,2 mole) of 
tri-n-butyl borate in 140 ml. of anhydrous ether which had 
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been cooled to -65^- After stirring for an hour, the tempera­
ture was -55^ and Color Teet negative. The mixture 
was hydrolyaed by the slow addition of 150 ml. of 10^ aqueous 
sulfuric acid and treated with 150 ml, of water. The layers 
were separated, the aqueous layer was extracted repeatedly 
with 10^ potaeelum hydroxide solution. The extracts were 
carefully acidified to give 21.0 g, (102^) of tan tacky solid 
melting in two portions at 1^7-155® and 179-183^« The solid 
was boiled with water and filtered while hot. The residue 
was recrystallized from benzene to give 3,5 g. (29.0^) of 
white eolld melting over a range of 210-215®. Repeated re-
crystallizations froffi benzene (Norlt-A) gave 0,35 g» (Z,9^) 
of a fluffy white solid melting at 236-238®. 
M&l. Calcd. for Neutral equivalent, 239. 
Found: Neutral equivalent, 236, 244. 
Concentration of the benzene mother liquors gave an 
additional 0,22 g. (1,8^) of white solid melting 235-237®. 
Reaction of boron trifluorlde with carbazole (attempted) 
In an attempt to synthesis boron-containing compounds 
of carbazole the reaction between boron halides and carbazole 
derivatives was studied. It was hoped to form addition 
compounds in which the unshared pair of electrons on the 
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nitrogen atom were accepted by the boron &tom as in the boron 
trlfluoride-amiBonla complex. 
To a stirred tsolutlon of 6.0 g, (0,036 mole) of carbazole 
In 400 ml, of anhydrous ether was added over a 5 minute 
period 4.5 ffil. (0,036 mole) of boron trifluorlde etherate. 
There was no apparent reaction. Stirring was continued for 
1 hour. The dirty white platee were Beparated; 1,9 g. melting 
at 244-2^6°, The ethereal eolutlon wae evaporated to one-
half ItB original volume and filtered to yield 2,1 g, of 
colorleee platee melting at 244~246'*« The products were 
identified as carbazole by mixed melting point determina­
tions; 67.0^ recovery. 
Reaction of boron trifluorlde with 9~ethylcarbazole (attempted) 
To a stirred solution of 9*75 g* (0,05 mole) of 9-ethyl-
carbazole in 100 ml, of anhydrous ether wae added over a 7 
minute period 6,3 ml.(0,05 mole) of boron trifluorlde 
etherate. There TK^as no observable reaction. The solution 
wae stirred for hours and then allowed to stand overnight. 
No crystallization occurred. The ethereal solution wae 
evaporated to one-half its original volume and chilled; no 
cryetallization occurred. Evaporation of the solvent gave 
9.7 §• (99*5%) of 9-ethylcarbazole melting at 69-70®• 
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Reaction of boi^n trichloride ^ rith 9-ethylcai'l3azole 
(attempted) 
A solution of 19.5 (O.l mole) of 9-ethylcar"bazole 
In ^ 00 ml, of anhydrous benzene was placed in a four-necked 
liter round-bottom flask equipped with a thermometer, 
mechanical stirrer, Dewar condenser and e gas Inlet tube 
which extended Just below the surface of the solution. While 
maintaining an internal temperature of 15-25° with an ice-
bath, gaseous boron trichloride was bubbled slowly into the 
stirred solution until approximately 17.5 g. (0.15 mole) of 
the hallde had been introduced, A brown substance separated 
alffloet Iraraedlately and the eolution gradually became dark 
green In color while a gray solid separated. The mixture 
was etirred for an additional hours while warming to room 
temperature, The pale green solid was filtered off; 3.0 g. 
melting partially at 88-91° and nearly completely at 165-
169°; a small particle did not melt at temperatures below 
300®, A small sample of the product was refluxed with benzene 
and filtered while hot. The residue melted between 17O® and 
173° with darkening, A mixed melting point with boric acid 
(m,p, 175-178°) melted over a range of 172-176® with darken­
ing, Nothing wae obtained from the benzene eolution. 
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Nitration Studies 
3--AoetaHild.o~9»ethvlcarbazole 
While this compound hae been prepared from the aslne 
64 
prevlouely, detailed directions for the synthesis are 
lacking. 
To a hot stirred solution of 12.5 g. (0,0595 mole) of 
3-amln0-9-ethylcarba£0le In 200 ml. of benzene was added 
6.8 ml. (7.3 0.072 mole) of acetic anhydride. A white 
eolld separated almost Immediately. The mixture was stirred 
and refluxed for 30 minutes. After cooling, the benzene was 
removed by filtration and the solid was recrystallized from 
methanol to give 11.0 g. (73.5^) of colorlese needleg melting 
at 198-199°. Further recrystalllzatlon did not change the 
melting point. Llmlemann reported a melting point of 190®. 
3~AceteBildO"4~nltro«9«-ethyloarbazole 
To a stirred mixture of 2.52 g. (O.Ol mole) of 3-acet~ 
amld0-9-ethylcarba20le and ^2 ml. of glacial acetic acid 
at 23.5'' was added 5 ®1. of a solution of 1 ml. of fuming 
nitric acid (90^) in 10 ml, of glacial acetic acid over a 
6-7 minute period. The temperature was maintained at 24-25° 
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by means of a water-bath. The mixture became dark red and 
nearly clear. After standing for 1 hour at rooa temperature 
the sjnall amount of yellow solid was filtered off; 0,05 g. 
melting at 192-19^®. As a mixed melting^ point determination 
with 3-®'Cetamido-9-ethylcarbazole was not der>reseed, this 
represents a 2,0^ recovery. The acetic acid mother liquor 
was poured into a large volume of water to give a yellow 
solid which was filtered off and recrystallized from methanol 
to give 1,8 g, (60.6/^) of yellow needles melting over the 
range 178-182®. Recryetallization from methanol (Norit-A) 
gave 1,1 g. {yf,0%) of yellow needles melting at 188-190°. 
When admixed with 3-acetaffiido-9-ethylcarbazole the melting 
point was 155-172®. Recryetallization from n-heotane did 
not raiee the melting point. The infrared spectrum contained 
a band at 11.75 /» indicative of a 1,2,3,^-tetra8ubstituted 
benzene ring. The spectrum is very similar to that of 
l49 l-nitro-2-acetamidodibenzothiophene. 
Anal. Galcd. for (^6%3^3°2* 6^.65^; H, 5.09^. 
Found: C, 64.79, 6^.84^; H, 4,89. 4,94^. 
3-Aoetamido-4.6-dinitro-9-ethylcarbazole (attempted) 
Run 1. To a stirred mixture of 7*5 g- (0,03 mole) of 
3-acetamido-9-ethylcarbazole and 325 ml. of glacial acetic 
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acid was added 7 ml. of fuming nitric acid (90^) oTer a 15 
minute period. The temperature was maintained at 27-28° 
during the addition. After stirring for 1 hour the solid 
wee filtered off. Refluxing ethanol dieeolved only a trace 
of the product. A portion of the residue wae recrystal11zed 
from benzene to give yellow crystale meltins? 27^-276°. A 
second recrystallization gave 0.1 g. of yellow cryetale 
melting at 274-276°. Analyeie of the product gave results 
which indicate that the compound is probably a dlnltro deriva­
tive, a concluelon supported by infrared analyeie, but which 
may contain some of the trinitro derivative since the analyses 
did not check for any of the possible nitro compounds. 
Anal. Calcd. for (dlnltro deriv.): C, 
56.15^» H, 4,12J^. Calod. for C]^6%3^5®7 (trinitro deriv.): 
C, ^9.62^; H, 3.38^. Found: C, 55.84, 55.84^j K, 3.70, 
3.83^ 
Run 2. To a stirred mixture of 2.52 g. (O.Ol mole) of 
3-acetamldo-9-ethylcarbazole and 110 ml, of glacial acetic 
acid at 23*^ wae added 2.2 ml, of fuming nitric acid (90^) 
over a 5 minute period. The temperature was maintained at 
24-25°* The mixture became red and clear almost imniedlately, 
and then a yellow polid began to separate. Stirring was 
continued for 1 hour and the solid was filtered off; 3»0 g* 
(87.7^)« recryetallizationB from glacial acetic acid 
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(Norlt-A) gave 1,3 g. (52.6^) of yellov needles melting at 
278-280°. A portion of the needles were recryetallized twice 
from aethenol to give orange needles melting at 278-280®. 
Again the analyele did not agree with calculated valuec for 
a dinltro or trlnitro derivative. 
Anal. Calcd. for (dinltro derlv.): C, 
56.15^; H, ^ ,12%, Calcd, for (trlnitro derlv.): 
C, 49.62^; H, 3.38^, Found: C, 5^.10, H, 4.23, 
4.27^ . 
3-Benzamido-9-ethyloarbazole 
Q h  
This derivative hae been previouely prepared, "but 
experimental details are lacking. 
To a warm solution of 7.^ g. (0.035 mole) of 3-emino-9-
ethylcarbazole in a mixture of 100 ml. of benzene and 3 ml. 
of pyridine wae slowly added, with agitation, 5 rol* (6.06 g., 
0.0^3 mole) of benzoyl chloride. A white solid separated 
almost immediately. The solid gradually dissolved and a 
heavy yellow oil separated. On cooling, a white solid 
separated. Filtration and recrystallizatlon from benzene 
gave 6.0 g. of fine white needles melting at 187-
188®. Concentration of the mother liquors gave a white 
solid which wae recrystallized from benzene (Norit-A) to 
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give an additional 1.3 g. (11.8/*^) of product melting 186-
187°. Lindemann®^ reported the melting point as 180°. 
Nitration of 3--benzamido~9-ethylcarbazole 
Run 1. To a etirred mixture of 5*0 (0.0159 mole) 
of 3-t)enzamido-9-ethylcarbE2ole and 50 al. of glacial acetic 
acid wae slowly added 0.8 ml, of fuming nitric acid (90^). 
The mixture became yellow and then red. A precipitate sepa­
rated almost immediately. Stirring was continued for 15 
minutes and the solid wae separated and crystallized from 
methyl cellosolve (Norit-A) to give an orange solid melting 
over the range of 221-225° with preliminarj softening. A 
second recryetallization from methyl celloeolve gave an 
orange product melting 251-25^®. Recryetallization from 
dilute methanol-methyl cellosolvs gave a email amount of 
orange fibers melting over a range of 2^9-257°• 
Run 2. To a stirred euspeneion of 6.3 g. (0.02 mole) 
of 3-benzan}ido-9-«thylcarbazole in 100 ml. of glacial ecetic 
acid wae slowly added a solution of 1 ml. of fuming nitric 
acid i9Q%) in 10 ml. of glacial acetic acid. During the 
addition, which required 25 minutes, the flaek was kept in 
a water-bath at 19-21°. Stirring was continued for 20 
minutes. The orange solid wae filtered off and recryetallized 
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from e benzene-ethanol mixture to yield, orange fibers melting 
over a range of 239-250®. Reoryetallization from benzene 
gave orange fibers melting from 260-283°* Recryetftllization 
from dilute methyl cellosolve yielded a trace of orange 
material melting over a range of 265-280®. 
The mother liquors from the first two recrystallizations 
were combined and evaporated to dryness to give an orange 
solid. Three recryetallizatione from dilute methyl cello-
solve gave yellow solids. The melting ranges were 19^-227®i 
193-196° and 192-197°# respectively. Recrystallization from 
benzene-petroleum ether (b.p. 77-115°) yielded fine orange 
needles melting 201-202.5°. A second recrystallization from 
the same solvent pair gave 0.04 g. (0.5^) of orange needles 
melting at 201.5-202.5°' 
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DISCLfSSlON 
This portion of the thesis will be divided into four 
arbitrary eectione for convenience. A slight amount of over­
lapping seemed penniesible to preserve the continuity of the 
discuss ion. 
Liquid Solution Scintillators 
Scintillation is concerned with the problem of converting 
radioactive particle energy into visible and near-ultraviolet 
photon energy which is converted to electrical energy by a 
photofflultiplier tube so that radioactive emanations may be 
counted. The scintillator, or light-emicting substance, may 
be an ionic crystal, a covalent crystal, a liquid organic 
solution, or a plastic scintillator. The crystal scintil­
lators are difficult to prepare in large volume units which 
are necessary for apolications utilizing low external radi­
ation fluxes or low cross section interactions. As solutions 
can easily be prepared in larger volumes and have excellent 
transparency, liquid solution scintillatore were investigated. 
£-Terphenyl in toluene gave one of the beet solutions, 
Kallman and M. Furst, Nucleonics. So. 3, 32 
(1951). 
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The dlsoovery^^ that 2-phenyl-5(£-hiphenylyl)~oxazole in 
toluene was a better scintillator than ^ .-terphenyl led to 
a liquid solution scintillator program at Los Alamos. 
R e p o r t s f r o m  t h e  L o e  A l a m o s  g r o u p  s h o w e d  t h a t  
the best solute to date was 2-phenyl-5-(£-biphenylyl)-l,3,^-
oxadiazole and that the better sclntillatore were made up 
of aromatic rings linked In a linear fashion to allow con­
tinuous conjugation throughout the molecule. Beneficial 
heterocyclic systems are furan, pyrrole, oxazole, pyridine, 
Indole, and benzoxazole. Generally poor ring systems are 
thiophene, thlazole, and benzothiazole. 
In an attempt to find more efficient scintillation 
eolutes a series of N-arylcarbazoles was eynthesized. Those 
tested proved to be much poorer than 2,5~diphenyloxazole, 
the standard against which they were compared. Table 1 
lists first the oarbazole derivatives and then certain other 
coa^jounde of interest. Their value as a scintillator is 
expressed as relative pulse height versus a solution of 
3,0 g./l. of 2,5-diphenyloxazole in toluene which is 
N. Hayee, L. C. King and D. E. Peterson, J. Am. 
Chem. Soc.. 2it, 1106 (1952). 
F. N. Hayes, U. S. Atomic Energy Unclassified Report 
LA-1639. 1953-
N, Hayes, D. G. Ott, V. N. Kerr and B. S. Rogers, 
Nucleonics. 12. 12, 38 (1955). 
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Table 1. Evaluation of Selected Compounde ae Liquid Solution 
Scintillators 
Compound®^ Relative 
Pulee Height 
9-Phenylcprbazole 0,Zk 
9-^ Blp he nylyl oarba zole^ 0.35 
£;-BiB-{ 9-oar bazolyl)-benzene^ 0.27 
9-Phenylfluorene 0.18 
9,9~Diphenylfluorene 0.14 
Splro-9,9'-fluorene 0.14 
5» 5-Diphenyldibenzo8ilole 0.15 
Spiro-5»5'-dibenzosllole 0,17 
3-Dlmethylamlnodlbenzofuran 0.79 
10-?henylphenothlazine 0.03 
10-o-Tolylphenothlazine 0.02 
10-2'-Pyridylphenothlazlne 0.00 
^~Blfi-{ 10-phenothlazinyl)-benzene 0.00 
®Froa Dr, Henry oilman's Research Group, Iowa State 
College. 
^Thls theelB. 
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arbitrarily assigned a value of 1,00. 9-2*-Pyridyl- and 
9-2'-quinolyleart>azole and 4,4'-blB-(9-carbaEolyl)-blrjhenyl 
have not yet been evaluated. 
Examination of the table indicfctee that the sinple 9-
arylcarbazolee will probably not be ueeful in eo far ae 
ecintlllation Is concerned. More data are needed before 
scintillation activity can be predlcteci on the baeie of 
Btructure alone, but Bome insight ie being gained into the 
correlation of structure with scintillator activity. The 
increase in relative pulse height on going from 9"-phenyl-
carbazole to 9-JB,-blphenylylcarbazole is very probably caused 
by the increaeed number of aryl groups in the latter com­
pound. 9-£,-'i^®i'Phenylylcarbazole, if it proves to be suf­
ficiently soluble in toluene, should give another Increaee 
in relative pulee height. The Increase in scintillation 
activity with increased number of benzenold ringe arranged 
linearly ie one of the unexplained obeervationB of Hayee.^^®* 
The addition of a 9-earba2olyl group to the para-poeltion of 
the phenyl ring in 9-phenylcarbazole to give j2.-biB-(9-
C8rbazolyl)-benzene causes a slight increase in relative 
pulse height because the length of the chain ttoough which 
resonance interaction may function ie increaeed. However, 
the difference between the values for 9-phenylcsrbazole and 
£-bie-(9-carba20lyl)-benzene is lees than that between the 
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values for 9-phenylcar"bBzole and 9-£-'biphenylylcarbazole 
because the blphenyl compound has a greater number of aryl 
and arylene groups Joined to one another th&n does £-bls-
(9-carbazolyl)-benzene. 
9-£-Blphenylylcarbazole can be considered a cyclic form 
of j)-biphenylyl-£~blphenylylamlne. As such it Is instructive 
to compare it with bis-(j^-blphenyl)-amine. The last compound 
gave a relative pulse height of 0,95 while 9-£-blphenylyl-
carbazole has a value of 0,35» This large difference is 
explicable by the fact that polyphenylR linked through the 
ortho- poeltlone are poorer BcintillatorB than their para-
isomere although no reason for thie fact has yet been 
advanced, 
The lower relative pulse heights for 9-phenylfluorene, 
9,9-d.iphenylfluorene, and 5» S-dlphenyldlbenzosilole as com­
pared to 9-'phenyloarbazole ie probably a result of the elec­
tronic configurations of the IVB and VB elements. The 
nitrogen atom with its tvo unshared electronc is able to 
enter into the resonance interaction of the phenyl and 
phenylene groups while the carbon and silicon atoms are un­
able to do eo. Thue, the ecintillation activity of the 
fluorene and dlbenzoellole derivatives is attributable only 
to the blphenyl linkage whereas the activity of this struc­
ture ie enhanced by the nitrogen atom In carbazole. Silicon 
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is able to expand its octet of electrons, but apparently may 
not do so in this case since 9,9-dlphenylfluorene and 5»5-
dlphenyldibenzosilole have almost the same pulse heights 
(0.l4 and 0,15, respectively). 
Table 1 ehows that lO-phenylphenothiazine is a much 
poorer scintillator than 9-phenylcarbazole, As the replace­
ment of the phenyl group in 10-phenylphenothiazine by a 
pyridyl group, which is considered by Hayes^^'' to be a 
beneficial structure, did not improve the scintillation 
properties of the phenothiazine ring systere it is concluded 
that the presence of the sulfur atom destroys the activity. 
Why sulfur is detrimental to scintillator activity is not 
known, but thiophene, thiaaole, and benEOthiazole groups are 
listed as poor ring systems in so far as scintillation is 
concerned. Unfortunately, 10-phenylphenoxazine has not yet 
been evaluated. It should, hCA^ever, be a better scintillator 
than lO-phenylphenothlazine since the presence of oxygen in 
a ring seems to be beneficial while sulfur is not. 10-Phenyl-
phenoxazine is expected to be a poorer scintillator than 
9-phenylcarbazole as the latter compound has an intact bi-
phenyl structure and the former does not. 
The value in the table for 3~di®ethylamlnodibenzofuran 
suggests that an examination of dimethylaminooarbazoles might 
be worthwhile especially the 2- and 2,7- derivatives as these 
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have the suhstltuente in the extended para- poeitionB. The 
dimethylamino group definitely enhances the ecintillator 
activity as shoi'vm by the high velue reported for 2-(j)-di-
niethyl&minophenyl)-benzothiazole,Langham^^^ attributed 
the activity entirely to the amino function and not to the 
Bulfur-containing ring eyetem. To teet this hypotheeie, 
several attempt® were made to prepare 9-(£-dimethylamino-
phenyl )~carbazole, but all proved fruitlecB. The rapid 
formation of tar in eo»e of the reactione is probably due 
to an Ullmann reaction involving the ^ bromodimethylaniline 
and to oxidation of the amino group. 
BiB-j^-biphenylylamine, which might be considered an 
"open-chain'• analog of 3»6-diphenylcarbazole, was found to 
give a relative pulse height of 0.95 against 2,5-<3.iphenyl-
oxazole which was assigned a value of 1.00. Since tetrazo-
tized 3»6-diaffiinocarbazole should react readily with benzene 
25>0 
in a Gomberg-Bacianann reaction to give 3,6-dlphenylcarba-
zole, the evaluation of the latter compound and comparison 
to biB-£-biphenylylamine would be interesting. The synthesis 
R. Arnold, Science. 122. 1139 (1955). 
H. Langham, Private communication. 
E. Bachmann and R. A, Hoffman in R. Adams, 
"Organic Reactions", Vol, II, John Wiley and Sone, Inc., 
New York, N. Y., 19^4, pp. 22^-261. 
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of the 9-phenyl- and 9-£-blphenylyl derivativee of 3,6-
dlphenyloarbazole should be poeelble, but may not be worth­
while since the "open-chain" analogs phenyl-bis-(£-biphenylyl)-
amine and trie-o-biphenylylamine showed relative pulse heights 
of only 0.61 and 0,58, respectively, which are well below 
the value for bis-£-biphenylylamine. 
It should be mentioned that liquid solution scintillators 
are rapidly becoming more useful. The developments of the 
past year are reviewed annually in Nucleonics under the 
heading "Scintillation Counting Today". These sections may 
be consulted for leading references and reports on the latest 
developments. 
The lack of success in condensing 2-halopyridineB and 
2-chloroquinoline with carbazole under the influence of potas­
sium carbonate or potassium hydroxide is rather surprising. 
9-Alkyl and 9-acyl derivatives of carbazole can be formed 
with relative ease under the same conditions, and since the 
2-hal©pyridines and -quinolinee have reactive halogens an 
easy condensation was expected. There is, however, evidence 
221 
that the amination of certain heterocycles is acid-catalyzed. 
In fact, basic conditionp inhibit the reaction according to 
Banks. 
K. Banks, J. Am. Ghern. Soc.. §6, 112? (19^^). 
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Boron and Azo Derivatives of 9-Ethylcarbazole 
Interest in "boron compounds, particularly boron-con­
taining azo derivatives of carbazole, arose froffi the uee of 
borax in brain tumor therapy. Borax, which is taken up at 
different rates bj tumor and norrasl tieeue, euppliee boron 
atoms for neutron capture thereby liberating nuclear energy 
for in Bltu irradiation of the tumor. By incorporating a 
dye function into the boron compound it was hoped that 
preferential staining of the malignant tissue might be ef­
fected and markedly increase the ratio of boron uptake by 
tumor tissue. The choice of the azo moiety was made because 
it is a relatively simple group to introduce into most 
molecules. 
A brief, but good, summary of the physical coneiderations of 
"neutron capture therapy", or "boron disintegration therapy" 
was recently given by SticKLey,^^^ who also described other 
aspects of the problem, The early history of neutron captxire 
t h e r a p y  w a s  r e p o r t e d  b y  F a r r  a n d  c o - w o r k e r s , T h e  
E, E, Stickley, Am. J. Roentgenol. Radium Therapy 
Nuclear Med.. 21> 609 (1956). 
E, Farr, W, H. Sweet, J. S, Robertson, C. G-, 
Foster, H. F3. Locksley, D, L, Sutherland, M. L, Mendelsohn 
and E. E. Stickley, ibid.. 21, 279 (195^), 
E. Farr, J. S. Robertson and E, E. Stickley, 
Proc, Sat. Acad, Bci.. 40. 108? (195^). 
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reaction involved in neutron capture therapy is between a 
boron atom of mass ten and a slow or thermal neutron as Bhown 
in equation (l). Ab eighty-one percent of naturally-
5®^°+ ^ >-2He^+ ^ 2.79 mev. (l) 
11 
occurring boron ie B , which he8 e neutron capture cross 
section of 4.5 millibarne and which undergoes an unsuitable 
neutron-ganuna reaction, the use of ee the target element 
wae neceeeary. Fortunately hae the largest neutron 
capture crose section, 3990 bsrne, of the elements which 
decay by heavy particle emission and B^®-enriched boron was 
available for the synthesis of borax. The alpha particle 
liberated by the neutron capture can penetrate only 9 microne, 
thus giving radiation in the tumor but not damaging the sur­
rounding normal brain tissue. Tissue damage by fast neutrons 
ie prevented by thermalizing the majority of the high-energy 
225 
neutrons. It was reported that if the total integrated 
fast flux ie less than one percent of the thermal flux, then 
the effect due to fast neutrons is not important. Kruger 
used boronic acids containing the azo group to improve the 
22*i 
A. G-reenfield, U. S. Atomic Energy CommisBion 
Unclassified Report NM-SR-1458, 1955. 
226p^ G, Kruger, Radiation Research. J, 1 (1955). 
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ratio of uptake of "boron by tumor to uptake by healthy 
tissue. The dyes gave approximately thirty times aB much 
boron/cm,^ appearing in the tumor relative to healthy tis­
sue as had been obtained with borax. 
With this background, we attempted to prepare boronlc 
acids containing the azo linkage and the carbazole nucleus. 
The alkali metal salts of the dyes should preferably be 
water-soluble so that solutions of the compounds may be 
Injected intravenously Into the patient. Therefore, the 
smaller the dye molecule, the greater the posBlblllty of 
water-solubility. As we eventually wished to couple diazo-
tlzed aalnobenzeneboronlc acids with 9-ethylcarbazole itself, 
the first step was to determine which of the more common 
amines would give dlazonlum salts capable of coupling with 
the heterocycle. 2,^-Dinltrobenzenedlazonium chloride was 
reactive enough to give an azo compound which was assumed 
to be 3-(2»^-dlnitrophenylazo)-9-ethylcarbazole. That 
coupling took place in the 3-posltlon is nupported by the 
fact that all electrophllic substitutions of 9-alkylcarba-
zoles Involve the 3- or 6-positions which have the highest 
electron charge density because of the resonance effect of 
the nitrogen atom. Since it is also known thet in diazo 
coupling reactions the dlazonlum ion Is a positively charged 
species, It follows that the attack will be at a carbon atom 
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of high electron density in the coupling component. js^-Nitro-
aniline also gave a diazonium salt which was sufficiently 
reactive to couple >rith 9-ethylcarbaEole, The reactivity of 
2,^-dinitro- and _£-nitrobenzenediazoniuBi chlorides ie caused 
by the inductive and resonance effects of the nitre groups. 
The positive polarization of the nitrogen atom of the nitro 
function withdraws electrons from the dlazonlum ; roup thereby 
increasing the positive charge on the latter. In the and 
^-positions the resonance effect of the nitro group operates 
BO as to further enhance the positive charge on the dlazonlum 
moiety. Obviously, Z.^-dinitrobenzenediazonium chloride with 
its two nitro groups will have a more electrophillc dlazoniiM 
group than the mono- nitro derivative, and the dlazonlum salt 
from plcramlde (2,4,6-trlnitroaniline) would have an even 
227 
more positive dlazonlum group. 
In view of the successful coupling of £-nitrobenzenedi-
azonlum chloride, it was rather eurprieing that the 5_-nitro 
Isomer failed to couple with 9-ethylcarbazole since the same 
inductive and resonance effects are In operation in both 
molecules. Since the inductive effect of the nitro group 
v/ould be the same in both compounds, the resonance effect 
must be the deciding factor. However, it is difficult to 
^^^Reference 47, p. 413, 
107 
aeeuffle that the resonance effect should be greater In the 
para- leomer eince it muet operate over a longer network of 
carbon atone, Perhape a slightly higher temperature would 
cause the coupling of o-nitrobenzenediazonium chloride to 
occur. Other groups which should aid coupling are sulfonic 
acid, cyano, and trifluoromethyl because of their electro­
negativity. 
^Arainobenzoic acid and and ^ bromoaniline gave di-
azoniuffi salts which did not couple with 9-ethylcarbazole. 
In the case of the carboxylic acid, the inductive and reso­
nance effects are both operating in such a manner &e to 
enhance the positive character of the diazonlum group which 
should aid the coupling reaction. However, the carboxyl 
group is not as electronegative as the nitro group and does 
not provide the high positive charge to the diazonlum func­
tion which is evidently needed for coupling with an unactl-
vated molecule as 9-ethylcarbazole. Consideration of the 
inductive and resonance effecte of halo groups explains why 
the bromobenzenediazoniuffl salts did not react with 9-ethyl­
carbazole, Since halogens are electronegative they withdraw 
electrons from the benzene ring. This electron Impoverish­
ment of the ring IncreaseB the positive character of the 
diazonlum ion. The resonance effect of the halo grout), 
however, operates in the opposite direction and thereby 
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tends to decrease the positive chtrge on the diazonlum group. 
The net result ie an ion less capable of couT>ling with other 
molecules. The use of an emulsion of 9-ethylcarbazole pre­
pared with Nekal BA-75 did not overcome the decreased reac­
tivity of the diazonium salt although this method is employed 
for coupling diDhenylamine, Pyridine has been used to good 
advantage as a solvent in various cases in which little or 
no coupling was observed under the usual conditions, 2^8 
was ineffective with diazotized bromoanilinee and 9-ethyl-
csrbazole. As the role of pyridine in promoting: coupling 
is obscure little can be said in the present case except that 
solvent action is not the critical factor. The diazonium 
chloride and the 9-ethylcarbazole were both soluble in 
pyridine and remained in solution when the solutions were 
mixed. 
On the basis of the results obtained with the nitro-
and bromobenzene-diazonium chlorides it was decided that 
diazotized aminobenzeneboronic acids would not couple with 
9-ethylCB,rbazole, The most readily available amino derivative 
of benzeneboronic acid ie m-aminobenzeneboronic acid in which 
the boronic acid moiety ie not situated so as to give the 
most positive character to the diazonium group. The electrc-
^^®Reference 4?, pp. 42?-i|-28. 
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negativity of boron is less than that of carbon according 
to Pauling, 60 the inductive effect tends to increase the 
electron density in the o_- and ^ -positions and also decreases 
the charge density at the m-position. The inductive effect 
is overcome, however, by the resonance effect which withdraws 
electrons from the carbon atoms ortho and para to the boronic 
acid function, but which would have little effect on a di-
azoniuBi ion meta to the boronic acid group. The resonance 
effect is a result of the tendency of the boron atom to 
complete its octet. 
The second means of synthesizing boron-containing azo 
derivatives of carbazole was to couple diazotized aminocar-
bazolee with boronic acids. Since alkaline eolutione of 
phenols couple most readily with diazonium salts because 
of the high electron density at the carbon atoms ortho 
para to the phenoxide ion, £-hydroxybenzeneboronic acid 
(actually used in the anhydride form) was chosen as the 
coupling component rather than benzeneboronic acid itself. 
Range-finding experiments were first carried out with phenol 
and (3 -naphthol. Both of these compounds gave dyes with 
9-ethylC8rbazole-3-diazonium chloride, but the dye from 
phenol did not analyze correctly for 3-(£-hydroxyphenylazo)-
9-ethylcarbazole or for a disazo compound. The reaction 
between diazotized 3-amino-9-ethylcarbazole and ©.-hydroxy-
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benzeneboronlc acid anhydride apT>arentl3/ proceeded as shown 
by the progreesive color change In the mixture, but no pure 
compound could be Isolated, Various solvents were used In 
attempted cryetallizatIons but the only products were dark 
tarry materials. Chroma to graphic pvirification llkewiee 
yielded only tar or oily materials. Other workers in these 
laboratories have experienced similar difficultiee during 
purification or attempted purification of boron-containing 
azo dyes. These findings and the reports of Snyder and co­
workers on various azoboronlc acids lead to the 
conclusion that boronic acici dyes containing; condensed ring 
systems, or polyaryl groups, may be formed readily but that 
their purification is more difficult than that of dyee con­
taining only single benzenoid units. 
The coupling of diazotized 9-(2-affiinophenyl)-carbazole 
with o,-hydroxybenzeneboronic acid anhydride was aleo attempted. 
The only product isolsted was a brown semi-eolid material 
which was soluble in benzene but which could not be purified. 
The failure to effect the condensation of boron trl-
halidee with carbazole or 9-ethylcarba2ole may be attributed 
229 
H. R. Snyder and C. R. Weaver, ^  Am. Ghem. Soc.. 
20, 232 (19^8). 
230h. R. Snyder and S. L. Meisel, ibid.. 21, 77^ (1948). 
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to tlie unaTailabllity of the unshared pair of electrons on 
the nitrogen atom. This lack of baeic character exhibited 
by cerbazole le also Been In ite failure to form a hydro­
chloride or any of the other salts usually obtainable from 
amines. Hydroxy, alkoxy or amino derlvativee of carbazole 
should be capable of forming adducte with boron trlhalidee 
since such groups contain unshared electrons vhich could be 
shared with the boron atom, 
MlacellaneouB Reactions 
Mitratlon of 3-acetainido-9-ethylcarbazole gave 3-
acetaroldo-^-nitro-9-ethylcarbazole as was expected. A recent 
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report' on dleubetltuted 9-inethylcarbazoles described the 
preparation of 3-carbethoxyamlno-^-nltro«9-niethylcarbazole 
from the 3-carbethoxy coitgjound. The assigned structure of 
the nltro-3-acetamido-9-ethylcarbazole was also supported 
by Infrared spectral analysis, The spectrum of the compound 
stKJWd a band at 11.75 /* indicative of a 1, 2,31^-tetraeub-
stituted benzene ring. Furthermore the spectrum wae very 
similar to that of the analogous l-nitro-3~®icetaraldodlbenzo-
thlophene,^^^ Compounds which contain the same number of 
pi-electrone In approximately the same geometrical arrange­
ment and bound about equally tightly In a planar conjugated 
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syetem have been termed iso-jgl-electronic molecules.As 
analogous derivatives of iso-pi-electronic molecules are 
spectrally similar the comparison of dibenzothiophene and 
earbazole derivatives made above le considered good evidence 
for similarity of structure. 
Totally unexpected during the nitration was the forma­
tion of what is apparently a dinitro derivative. Gllman and 
Wilder reported no dinitration with 2-acetamidodibenzo-
thiophene although a large exceee of fuming nitric acid was 
employed. Infrared analysis of the higher melting product 
from 3-acetamido-9-ethylcarbazole Indicated that a dinitro 
derivative was definitely present. To date, attenqste to 
purify the compound have been unsuccessful. The nitro groups 
are assumed to be at the and e-positlons for the following 
reasons. The acetamldo function is known to be a ring-
activating, ortho-para directing group. This should cause 
the first nitro group to enter the 2- or position. As 
3-acetamido-4-nltro-9-ethylcarbazole was formed as the other 
product of the reaction, it seems unlikely that nitration 
should take place in the 2-position of another molecule. 
Nitration of 3-acetainido-^nltro-9-ethylcarbazole should 
result in heteronuclear subetitution as the electronegative 
Piatt, J. Chem. Phve.. 12, 101 (l95l). 
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nltro group would counteract the effect of the acetaffildo 
group, The attacking nltronium Ion will enter the unsubsti-
tuted benzene ring at the carbon atom with highest electron 
density. That this is the 6«-posit ion is ehown by the ready 
formation of 3*6-dieub8tituted derivatives during electrophilic 
substitution of carbazole and its 9-alkyl derivatives. 
The results obtained in the nitretion reaction imply 
that the carbazole nucleus is more readily attacked under 
these conditions than are the dibenzofuran and dibenzothio-
phene molecules. This implication, however, ie not true 
with dibenzofuran which normally nitrates in the 3-po6ition, 
Nitration of 2-acetamidodibenzofuran gave 2-acetaiaido-3-
1 
nitrodibenzofuran and the effect of the acetamido group 
was to enhance the electron density at the 3-position, Thus, 
while dibenzofuran itself is readily disubetituted, it is 
felt that the resonance effect of the acetamido group served 
to limit dinitration. With dibenzothiophene, on the other 
hand, the formation of disubetituted derivatives does not 
occur as readily as with carbazole and a ainitro-2-acetamido-
dibenzothiophene would be rather unexpected. Therefore, the 
results of nitration of 3-acetamido-9-ethylcarbazole fit well 
with the other data on electrophilic substitution of dibenzo­
furan, dibenzothiophene, and carbazole. 
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The cleavage studiee with hydrlodlc acid and with 
lithium were undertaken with a view to uelng them as an aid 
in structure proof. In certain caees derivatives of carba­
zole are known while the corresponding derivatives of 9-
ethylcarbazole are unknown. If a method of removing the 
ethyl group could be found which would not eimultaneously 
remove or reduce other eubstituente, an additional structure 
proof reaction would be available. The reported^®^ reduction 
of lO-ethylphenothiazine-4-carboxylic acid to 3-carboxydi-
phenylamlne with refluxing hydrlodlc acid seemed worthy of 
consideration, 10-Ethylphenothiazlne refluxed for three days 
with hydrlodlc acid gave phenothlazine, but 9-ethylcarba20le 
was surprisingly unchanged under the same conditions. The 
reaction involves a nucleophillc dieplacement of the ethyl 
group of a TJrotonated phenothlazine nucleus by iodide ion. 
Since a similar carbazole structure should exist, the explana­
tion for the success with the phenothlazine compound and the 
failure with the carbazole derivative must be that the pheno­
thlazine structure is stabilized by the sulfur atom. This 
would involve expansion of the octet of the sulfur atom to 
contain ten electrons which, while relatively rare, is feasible 
and appears to be the only satisfactory explanation available. 
The removal of the N-ethyl group by hydriodic acid is 
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evidently & slow reaction ae a 20 minute reflux period 
with the acid and lO-ethylphenothlazine-5-oxlde gave eoae 
10-ethylphenothlazine, but no phenothiazlne itself,^^2 
The desulfurlzation observed by Gllman, Van Ess and 
Shirley^®^ with 10-ethylphenothlazine-^-carboxyllc acid but 
which the author did not observe with 10-ethylphenothiazine 
under the same conditions implies that the carboxyl group 
le taking part in the desulfurlzation. It would be in­
teresting to extend thle hydriodic acid reaction to other 
negatively substituted phenothiazlne derivatives end to 
various carbazole compounds. 
The poeeibllity of converting carbazole derivatives to 
substituted blphenyl compounds or to substituted diphenyl-
af f i l n e s  w a s  r a i s e d  b y  t h e  c l e a v a g e  o f  d l b e n z o f u r a n , d l -
benzothlophene,phenothiazlne,and 10-sthylphenothia-
zine^35 with metallic lithium in refluxing dioxane. The 
phenothlazines gave o,-mercaptodiphenylamlne and, presumably, 
0;-mercaT)t0diphenylethylamlne, respectively, Dibenzofuran 
gave o-hydroxy blphenyl T-'hile dibenzothiophene yielded a 
G-llman and J. Elsch, ^  Am. Chem, Spc.. 77. 3B62 
(1955). 
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mixture of blphenyl and £-mercaptoblphenyl. Under the eame 
condltlone, neither carbazole nor Ite N-ethyl derivative gave 
any evidence of reaction. The only produote ieolated were 
starting materiale. Obviouely, the carbon-sulfur bonds in 
the phenothiazlne nucleue are cleaved by a dieplaceinent re­
action while the blphenyl linkage of carbazole, as expected, 
is not affected. Failure to rupture the carbon-nitrogen 
bonde in either phenothlazlne or carbazole can be explained 
by the decreased availability of the unshared pair of elec­
trons on the nitrogen atom due to the presence of the 
phenylene groups. This is in line with the decreasing 
basicity of amine in the eerlee aniline, dlphenylamlne, 
and trlphenylamine. 
Suggestions for Future Research 
Fluorene derivatives which should be synthesized for 
evaluation as liquid solution aclntlllatorB are 2-dlffiethyl-
amlnofluorene, 2,7-bl8-(dlmethylamino)-fluorene, 2-phenyl-
fluorene, and 2,7-diphenylfluorene, The analogous 3-phenyl-
and 3,7-diphenyldlbenzofuran should also be submitted for 
testing as well as 3,7-bie-(dlmethylamino)-dlbenzofuran. 
As yet unknown carbazole derivatives which might prove 
worthwhile as scintillators are the 2-phenyl- and 2,7-
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dlphenyl compounds. The phenyl derivative would be struc­
turally similar to ^-terphenyl while the dlphenyl coiapound 
would contain the ;£-quaterphenyl eyetera. Should the CF rba-
zole derivatives be relatively insoluble in toluene, N-
ethylation ought to increase the solubility without impairing 
the Bclntillation characterietlcs. 
In conjunction with the eynthesie of dimethylaminocarba-
Eolee referred to in the discueeion of scintillators it 
would be interesting to determine whether or not rearrange­
ment occure during the reaction of lithium dimethylamide and 
elmilar reagents with l-iodo-9-ethylcarbazole. Rearrange­
ment with 4-lododibenzothlophene in aminatlon by eodejaide 
23"^ has been reported, Ae 3-tiromocarbazole, 3» S-dibromo-
carbazole, and their 9-Rt:byl derivatives are readily prepared, 
the reaction between them and sodamide or lithium dimethyl-
amide should be attempted in the hope of obtaining a more 
efficient scintillation solute. 
An unexplored poasiblllty of obtalnirig boron-containing 
azo derivatives of carbazole lies in the reaction of diazo-
tlzed aminobenzeneboronic acids with arylaraldee of 2-hydroxy-
carbazole-3-carboxylic acid. The erylamlde prepared from 
2-hydroxycarbazole-3-carboxyllc acid and an aminobenzene 
(Jilman and J. F. Noble, ibid,. 1^79 (19^5) 
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boronic acid might be coupled with a reactive diazotized 
amine. 
As mentioned in the Historical section of thie ti^ais, 
the nitration of 9~phenylcarbazole and 9-(E-toluene8ulfonyl)-
carbazole should be reinvestigated to determine the position 
taken by the entering nitro group. Chromatographic purifi­
cation might allow the oroduct from the nitration of 3-
ben2amido-9-ethylcarbazole to be isolated. The dinitration 
of 3-acetamido-9-ethylcarbazole was assumed to involve the 
4- and 6-poBitione. The preparation and partial reduction 
of 3,6-dinltro-9-ethylcarbazole to give 3-amino-6-nitro-9-
ethylcarbazole followed by acetylatlon and nitration under 
mild conditions should give 3-acetamido-4,6-<3initro-9-
ethylcarbazole, 
Halogenatlon of acetamido derivatives of carbazole would 
also be interesting since corresponding reactions have been 
performed with dibenzofuran and dibenzothiophene. The four 
isomeric acetamido derivetiveg of carbazole are known and 
those of 9-8thyl- or 9-methylcarbazole should be capable of 
formation by conventional reactions from presently known 
carbazole corapounde. The author consldere reactions of the 
aminocarbazoles and their derivatives to be one of the most 
interesting unexplored aspects of carbazole chemistry. 
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Mother very Interesting area Involves the formation 
of ainidee and hydrazldee from the varlouE carbaEOlecarboxylic 
acide or 9-ethylcarbazolecarboxyllc acids. Three of the poe-
elble four oarboxycarbazolee are known. The last, carbazole-
^-earboxyllo acid, might be prepared from ^-bromocarbazole 
by a halogen-metal interconvereion reaction followed by car-
bonation. Deeulfurization of phenothiazine-^^-carboxylic acid 
would bIro give the carbazole acid, but Initial attempts to 
prepare the requisite phenothiazlne derivative were unsuc­
cessful, 9-Ethyloarbazole-2-carboxylic acid and the isomeric 
^-carboxyllc acid are as yet unknown but theoretically at 
least, can be prepared from 2-aoetylcarbazole and 4-bromo-9-
ethylcarbazole, respectively. The amides might have local 
anesthetic or analgesic activity. However, the need for such 
agents is slight. The hydrazldes might have potential value 
In tuberculosis therapy. 
Metalatlon of fluorene has been rather well explored 
and 9-phenylfluorene has been metalated. The glaring lack 
of information concerning metalatlon of 9|9-d^ialkylfluorene 
or 9f9-dlphenylfluorene is surprising since 9-ethyl- and 
9-phenyloarbazole were studied several years ago. It is 
exr)ected that 9,9-dlalkylfluorenee will metalate in the 
Z-oosition ^"hile 9,9-dlphenylfluorene will metalate in one 
of ortho positions of a 9-phenyl group, although the 
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reaction will probably give only small yields of organollthlum 
cofflpounde. 
While dlbenzoeilole and dibenzogermole might undergo 
cleavage of the C-M bond during attempted electrophilic sub­
stitution as nitration or halogenation, metalation with n-
butylllthiuBJ could poeelbly be effected. Should substitution 
occur at the silicon atom in the parent heterocycle, 5»5-
diethyl- or 5»5-diphenyldiben20sil0le could be treated with 
organolithium reagents followed by the ciistomary reactions, 
Dlbenzoeelenophene, on the other hand, has been shown to 
b e  s t a b l e  t o  n i t r s t l o n ^ ^ ^ " ^ ' ' ^ * ^ ^ ' '  a n d  m e t a l a t i o n . T h e s e  
two reactions open the waj^^ for a wide range of interesting 
work which is probably underway in other laboratories, Di-
benzotellurophene, however, has not yet been investigated 
and an open field lies ahead with that molecule. It would 
also be interesting to determine whether or not dibenzo-
bismuthole could be prepared. 
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SU1«1MARY 
A hletorlcal review of the chemistry of fluorene, 
carbazole, and related heterocyclee wae presented. 
Correlatlone were made to compere fluorene and the 
various heterocyclee In caeee where the same or Blmilar re-
actione had been carried out with two or more of tte compoundB 
under consideration. 
Several N-arylcarbazoles were prepared for testing ae 
liquid solution scintillators and the preparation of a few 
other 9-ai'ylcarl3azoleB was attempted. 
Some azo compounds containing the carbazole nucleus were 
prepared and the reactivity of 9-ethylcarbazole toward dia-
zonium salts was established, 
Uhsucceseful attempts were made to synthesize boron~ 
containing azo derivatives of carbazole. 
Reactions designed So aid in the determination of struc­
ture of carbazole derivatives were carried out. 
Sugprestions were made for future research on carbazole 
and related compounds. 
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